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% Forthcoming texts 


DESCRIPTIVE GEOMETRY 
WORKSHEETS—Series B 
by E. G. Paré, R. O. Loving & I. L. Hill 


Here is a new workbook of descriptive geometry prob- 
lems which supplements the authors’ earlier Descriptive 
Geometry Worksheets by providing a different set of 
problems. Thus the teacher has an opportunity to 
introduce in alternate years or semesters different sets 
of problems. As in Series A, the problems are num- 
bered identically with the chapters in the Paré-Loving- 
Hill text, Descriptive Geometry, thus providing easy 
reference from workbook problems to-textbook explana- 
tions. Series B contains several new topics of current 
importance, including navigation problems, spherical 
triangle solutions, map projections, contour plotting, 
and fairing of ship lines. 

Ready in March 


ELECTRICAL TRANSIENTS 
by L. A. Ware & G. R. Town 


Designed as a first text in the subject of transients in 
linear electrical circuits, this book is unique among 
elementary texts in that the Laplace transform is intro- 
duced early and is used freely throughout the text 
without resorting to the use of mathematics beyond 
elementary differential equations. It presents the 
physical principles involved in the action of electrical 
circuits under transient conditions and the mathemat- 
ical tools required for the analysis of such circuits. 
Simple circuits are treated first followed by successively 
more complex circuits and the Laplace transform 
method. The book concludes with a discussion of 
transients in vacuum tube circuits. 

Ready in May 
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ROUTE SURVEYING 
CARL F. MEYER 


Professor of Civil Engineering 
Worcester Polytechnic Institute 


Tuis is a truly modern book on route sur- 

veying. Written primarily as a textbook for 

civil engineering students, it embodies a 
clear presentation of principles together with a treatment of 
their practical application. Outstanding features include: (1) 
traverse methods of solving problems on compound curves; 
(2) simplified application of the chord-gradient method of cal- 
culating odd-length vertical curves; (3) practical treatment of 
the spiral, free of undue mathematical complexity; (4) detailed 
analysis of curve problems in highway design; (5) 300 pages 
of tables set up in a form especially useful in route-surveying 
calculations. 1949, 578 pages, $5.25. 


Among the colleges and universities which 
adopted Route SurveyinG for classroom use in 1953 are Buck- 
nell University, College of the City of New York, Columbia 
University, Cornell University, Dartmouth College, Drexel In- 
stitute of Technology, Fresno State College, Lafayette College, 
Louisiana State University, Manhattan College, Michigan State 
College, Pennsylvania State University, Polytechnic Institute of 
Brooklyn, Rensselaer Polytechnic Institute, State College of 
Washington, University of Arizona, University of Arkansas, 
University of Houston, University of Iowa, University of Maine, 
University of Michigan, University of New Mexico, University 
of Rhode Island, University of Vermont, University of Wis- 
consin, Utah State Agricultural College, Virginia Polytechnic 
Institute, and Worcester Polytechnic Institute. 
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More than 14 basic laboratory experiments 
demonstrated with versatile G-E ACA motor 


Compared to wound rotor motors, G-E’s a-c 
adjustable speed motor provides: 


@ Greater range of speed adjustment 

@ Higher efficiency and power factor over 
most of the speed range 

@ Speed regulation of shunt-wound d-cmotor 


Typical of many engineering schools, 
Rensselaer Polytechnic Institute includes 
tests of these and other characteristics of 
the ACA motor in their senior laboratory. 
Students thus become familiar with an im- 
portant motor used in industry and with its 


design characteristics. 

Tests of the ACA motor can also be made 
to show the characteristics of an adjustable 
speed motor with series characteristics; a 
single-phase repulsion motor; a self-driven 
frequency changer; a self-exciting synchro- 
nous generator; and other types of motors 
and generators. 

For further information on the G-E edu- 
cational ACA motor contact your nearest 
G-E Apparatus Sales Office. Or write for Bul- 
letin GEC-740 to General Electric Co., 
Section 688-1, Schenectady 5, New York. 
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As a specialty salesman you'll have a On-the-job training in design or cial 
chance to work with young companies, to gives excellent opportunity to learn engineering, applica- 
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ENGINEERS 


here’s an Unvitation to CSuccess ... . 
GENERAL ELECTRIC'S. 


SALES ENGINEERING PROGRA 


Opening the doors to challenging careers— 
as SALES ENGINEERS—APPLICATION EN- 
GINEERS — PRODUCT SPECIALISTS— 
¢.E.’s Sales Engineering Program is an in- 
vitation to success to all young engineers who 
want a chance to combine engineering know- 
how with contact work . . . who want a career 
that is varied, challenging, with plenty of 
responsibility. . . who want long-range ad- 
vancement opportunities limited only by in- 
dividual performance. 

YOUR CAREER BEGINS . . . with several 
assignments on the Engineering Program, 
where your technical training is put to work 
in performing complete production tests on 
GE apparatus. At the same time you begin 
your Sales Training assignments with ex- 
perience in a product department. 

ON-THE-JOB EXPERIENCE . . . provides 
you with outstanding training in industry 
sles techniques, market characteristics, for- 
mulation of sales plans and policies, product 
engineering work, industry engineering. 

# as a Sales Engineer you will learn from some 
of the nation’s finest industrial salesmen. 


as a Product Specialist you will work with 
some of the most ingenius men in the elec- 
trical industry. 


@ as an Application Engineer you will learn 
how to solve intricate customer problems 
from some of the most experienced men in 
the field. 

INTEGRATED CLASSWORK COURSES 

. .. are designed not only to give you informa- 

tion for good daily job performance but also 

a sound background for positions of greater 

responsibility. Courses in sales methods, ap- 

paratus marketing, product information, busi- 
ness fundamentals, effective presentation, etc., 
supplement your on-the-job experience and 
provide excellent advancement opportunities. 
COMPLETING THE PROGRAM 

means you may go to one of G.E.’s many 
Districts—with sales offices in 152 key cities 
in 45 states. Or you may prefer assignment to 
a headquarters operation. Regardless of your 
choice, you will be working with some of the 
most competent men in industry in an in- 
teresting, fast-moving career—and you will be 
building your career with the leader of the 
fastest growing industry in America! 


For more information see your college placement 
officer, or write: 


College Editor 

Dept. 2-123 

General Electric Co. 
Schenectady 5, N. Y. 
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High Quality Amplifier 
for RESEARCH or EDUCATIONAL LABORATORY! 


The Type 1206-B Unit Amplifier * 
uses the new single-ended push-pull circuit in is available for use as a null detector i 


providing wide frequency range with mini- mapa 
mum distortion. —small outputs o 
This is the newestintheextensive  ucers can be to a level to to 


drive graphic recorders. 


compactness, sturdiness, economy and ms, the GR Type Transf ba 
maximum adaptability in industrial or = match the amplifier output to any impedance 
college laboratory. fr ve 375 to 9600 ohms. 
* 2 watis in ired 
Type 1206-B Unit Amplifier Suppl hich rectly into the Amplifier 


% Has wide frequency range — suitable for 


‘ts fom s 9 100 ke — Describing this New Unit Amplifier 
4 Distortion is less than m 1% for 2 watts output, and all G-R Unit Instruments 
or 2% for 3 watts, into 600 


Elementary schematic diagram shows 
unique single-ended push-pull design. 
Output tubes are in parallel and the 
output transformer, with its low and 
high frequency limitations, is com- 
pletely eliminated. 


GENERAL RADIO Company 


Massachusetts Avense, 39, Massochusetts USA 


jeter Controls Wore Fiters V-T Voltmeters 


5 
a Type 1206-B Unit 
Type 1203-A Unit Power Supply . . . . . $40. 

= Since 1915 — 

Manufacturers of Electronic Apparatus for Science and industry 
Admitiance Meters t% Amplifiers % Coarial Elements Je 
Distortion Meters t% Frequency Measuring Apparatus tx 

Frequency Standards Impedance Bridges t Light Meters ul 
Megohmmeters Modulation Meters Polariscopes b 
Precision Capacitors Oscillators U-H-F Measuring 
Equipment Parts & Accessories tx Signal Generators It 
Pulse Generators R. 
Meters % Stroboscopes al 
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Boeing offers graduates 


ENGINEERING 
CAREERS with a future 


When you counsel students, you want 
to guide them toward careers that 
offer opportunities for advancement, 
for varied experience and stability. 
Boeing fulfills all these requirements. 
For no industry approaches this one 
in offering young engineers such a 
wide range of experience, or such 
breadth of application—from pure re- 
search to production design, all going 
on simultaneously. 


STABILITY 

Boeing is in its 36th year. Its Engi- 
neering Division; which has grown 
practically continuously, now numbers 
over 6000, in contrast to a peak of 
3500 at the height of World War II. 
Aircraft development is such an in- 
tegral part of our national life that 
young engineers can enter it with full 
expectation of a rewarding, long-term 
career. While the Boeing Engineering 
Division is large, it is so organized 
that each engineer is an individual 
who stands out in proportion to his 
ability. 


BREADTH OF EXPERIENCE 

Boeing is constantly alert to new tech- 
niques and materials—and approaches 
them without limitations. Extensive 
sub-contracting and major procure- 
ment programs — directed and con- 
trolled by engineers — afford varied 
experience and broad contacts and 
relationships. 


PRODUCTS 

Boeing produces C-97 military trans- 
ports, B-47 six-jet and B-52 eight-jet 
bombers. Through these fighter-fast 
jet bombers, Boeing has acquired an 
unmatched background in designing, 
building and flying multi-jet aircraft. 
It is the first American company to 
announce entry into the jet transport 


field. In addition, Boeing conducts a 
comprehensive guided missile pro- 
gram, research on nuclear-powered 
aircraft, and produces a revolutionary 
gas turbine. 


RESEARCH 

Boeing’s research facilities are unsur- 
passed in the industry. They include 
America’s only privately designed and 
owned trans-sonic wind tunnel, and 
acoustical, hydraulic, pneumatic, 
mechanical, electronics, vibration and 
physical research laboratories. 


OPENINGS 

Openings for graduates at Boeing lie 
in all branches of engineering, for work 
in aircraft designing, development, 
production, research and tooling. Also 
for servo-mechanism and electronics 
designers and analysts, and physicists 
and mathematicians. Boeing engi- 
neers work at engineering. The divi- 
sion is so organized that most draw- 
ings are made by draftsmen. 


LOCATION 

Boeing engineering activity is concen- 
trated at Seattle in the Pacific North- 
west and Wichita in the Midwest. In 
addition to skiing and mountain sports 
near Seattle, both communities offer 
fine fishing, hunting, golf, boating and 
other recreational opportunities. Both 
are fresh, modern cities with fine resi- 
dential and shopping districts, and 
schools of higher learning where en- 
gineers can study for advanced- 
degrees. 


INFORMATION 

If you or any of your students would 
like additional information about en- 
gineering careers at Boeing, write to 
John C. Sanders, Staff Engineer- 
Personnel, Boeing Airplane Company, 
Seattle 14, Washington, 
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a complete VISUAL-EXPERIMENT 
course in electricity 
ata price anyone can afford 


CROW ELECTRI-KIT mode! 41B for beginners 


Students with no mathematical background whatsoever can now grasp the 
principles of electricity readily. With the Crow ELECTRI-KIT they learn by doing. 
A coordinated text-manual guides them step-by-step through a series of 
fascinating experiments, each of which illustrates a definite electrical principle. 
By the end of the course they are actually building simple AC and DC motors! 


SAFE—Uses only 6 volt current (same as 
flashlight); no possibility of shock. 


FOR BEGINNERS—240-page, profusely 
illustrated manual is written for elementary 


tudents ... no mathematics 
COMPLETE—Manual describes 194 ex- 
periments. Eliminates tedious, time-c 


ing preparation and planning. 


Experiments and Assemblies Cover 


RUGGED—Parts are made of finest quality 
materials to give years of service. 
PRACTICAL—Can be used anywhere, no 
special wiring needed. Case becomes base- 
board for quick assembly of experiments. 
ECONOMICAL — Model 41B $ 50 
with manual, transformer and ’ 
hardwood carrying case only 


Permanent Mag 


Electro-magnet 
experiment 


DIV. OF UNIVERSAL SCIENTIFIC CO., INC. 


 Electro-Magneti: 
Circuitry, Switches and Fuses ¢ Transformers | 
Bells, Buzzers, Relays, and Thermostats 
DC and AC Electric Motors and Controls 


Write for detailed bulletin 


AC motor 
assembly 


CROW CORPORATION 


¢ BOX 336H, VINCENNES, INDIANA 
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Message for 


Your engineering graduate can 
get firsthand experience in nearly 
every industrial operation during 
his time on the Allis-Chalmers 
Graduate Training Course. 

He can broaden his knowledge 
and viewpoint working on major 
equipment for electric power, 
mining, cement, agriculture, food 
and chemical processing, steel 
and many other industries, By 
the time he finishes the course, 
he is in the best possible position 
to make a success of his career in 
the industrial field of his choice. 

Be sure that your engineering 
graduates are informed about the 
unique opportunity available at 
Allis- ers. 


FACTS... About Allis-Chalmers Graduate Training Course 


1 It’s well established, having 
« been started in 1904. A large 
percentage of the management 
group are graduates of the course. 


The course offers a maximum 

A of 24 training. 

and type of training is individu- 
ally planned, 


The graduate engineer may 
3. choose the kind of work he 
wants to do: design, engineering, 
research, production, sales, erec- 
tion, service, etc. 


He may choose the kind of 

® power, processing, specialized 
equipment ‘or industrial apparatus 
swith which he will work, such as: 
steam or hydraulic turbo-genera- 
tors, circuit breakers; unit substa- 
tions, transformers, motors, control, 


Student Counselors 


Allis-Chalmers Offers Your Graduates a Unique Opportunity 


The Right Job for 
the Right Man 


SALES 


. Unlimited Potential! 


umps, kilns, coolers, rod and 

all mills, crushers, vibrating 
screens, rectifiers, induction and 
dielectric heaters, grain mills, sift- 
ers, etc, 


He will have individual at- 
* tention and guidance in work. 
ing out his training program. 


6 The program has as its ob- 
# jective the right job for the 
right man. As he gets experience 
in different training locations, he 
can alter his course of training to 
match changing interests. 


For information watch for the 
Allis-Chalmers representative vis- 
iting your campus, or call an Allis- 
Chalmers district office, or write 
Graduate Training Section, Allis- 
Chalmers, Milwaukee 1, Wis. 


A-4025 
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Take the right step toward a 


good future 
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' You engineering students who graduate this spring 
have a big and important decision to make. You will 
decide where to invest your knowledge of engineer- & 
ing acquired through years of study. 


Working at the IH Melrose Park Works are graduate 
engineers I. H. Hallberg (left), U. of Illinois; A. E. 
Snyder (background), Swarthmore and Princeton; 
and E. Freudman, Oregon State and U. of Wisconsin. 


The engineer who joins Interna- 
tional Harvester joins a sound, long- 
established but progressive com- 
pany—that represents opportunity 
for advancement. Harvester has 
long been associated with leader- 
ship in new and improved products 
that increase agricultural produc- 
tivity; result in better transporta- 
tion, assist in construction and the 
handling of heavy materials; pro- 
tect and preserve food through 
refrigeration. 


INTERNATIONAL 


IH needs mechanical, industrial, 
metallurgical, chemical, agricul- 
tural, and electrical engineers. IH 
is looking for engineers for train- 
ing programs, for product design, 
for tests and developments, for re- 
search and experimentation in 
nearly all its divisions. IH wants to 
hear from you. 

Write to F. D. MacDonald, Edu- 
cation and Personnel Department, 
International Harvester Company, 
180 N. Michigan Ave., Chicago 1, Ill. 


HARVESTER 


Builders of products that pay for themselves in use... 
International: Trucks * McCormick Farm Equipment and Farmall Tractors 
Crawler Tractors and Power Units * Refrigerators and Freezers 
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Honeywell Develops Specialists 


in Automatic Control 


Honeywell’s 65-year leadership of the automatic control 
industry has been the result of new ideas in basic and ap- 
plied research. 

To assure a continual flow of new ideas, complete edu- 
cational programs have been developed at Honeywell. They 
include Fellowships at leading universities, Co-operative 
Work-Study plans, as well as a number of programs in 
special subjects conducted in Honeywell laboratories. Em- 
ployees also participate in Graduate Study for advanced 
degrees at leading universities and research centers. 

The Honeywell educational program also includes train- 
ing in sales, supervision, production, flight control and other 
specialized areas. Many more educational programs are in 
the planning and project stage. 


America lives better, works better with Honeywell controls. 


For more information on the Honey- 
well educational program, write Mr. 
Howard Mold, Director of Training, 


8, Minnesota. 


Ho tN eyw APpours ll Minneapolis-Honeywell, Minneapolis 
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WHAT TIME 
IS GREEN ? 


In color television, the colors on the screen are deter- 
mined in a special way. A reference signal is sent 
and then the color signals are matched against it. 
For example, when the second signal is out of step 
by 50-billionths of a second, the color is green; 130- 
billionths means blue. 

For colors to be true, the timing must be exact. An 
error of unbelievably small size can throw the entire 
picture off color. A delay of only a few billionths of 
a second can make a yellow dress appear green or a 
pale complexion look red. 


To ready the Bell System’s television network for 
color transmission, Bell Laboratories scientists devel- 
oped equipment to measure wave delay to one-billionth 
of a second. If the waves are off, as they wing across 
the country, they are corrected by equalizers placed 
at key points on the circuit. 


This important contribution to color television is 
another example of the pioneer work done by Bell 
Telephone Laboratories to give America the finest 
communications in the world. 


BELL TELEPHONE LABORATORIES 


IMPROVING TELEPHONE SERVICE FOR AMERICA PROVIDES CAREERS 
FOR CREATIVE MEN IN SCIENTIFIC AND TECHNICAL FIELDS. 


To keep colors true in televi- 
sion, signals must be kept on 
one of the world’s strictest 
timetables. Equalizers that 
correct off-schedule waves are 
put into place at main repeater 
stations of the transcontinen- 
tal radio-relay system. 
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Automation 


and graduation 


Automation is a much used word these days. 
Particularly in the engineering fraternity. 


For not only do manufacturing processes become more 
and more automatic, with engineering effort replacing 
physical effort everywhere along the line. 


But products become even more simple for the user 
to operate—whether they be General Motors cars with 
automatic transmissions, Safety Power Steering, and 
Power Brakes, or Frigidaire refrigerators with auto- 
matic Cycla-Matic Defrosting and other conveniences. 


Yet—the less physical effort required to build a product 
and to operate it— the more mental effort that goes 
into its design and engineering. 


That’s why we link the word Automation with the 
older word, Graduation. For more than ever before, 
industry needs brilliant engineering graduates. As a 
leader in the development of “more and better things 
for more people,” General Motors keeps a constant 
search for graduate engineers with the brains and the 
ambition to help solve the increasing intricate engi- 
neering problems of the age of automation. 


GENERAL MOTORS CORPORATION 
Personnel Staff, Detroit 2, Michigan 
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FLUID MECHANICS: With Engineering Applications. Fifth 
edition of Hydraulics 


By R. L. DauGuHerty and A. C. INGeErRsoLt, California Institute of Tech- 
nology. In press 


Deals with fluid mechanics together with practical applications to hydraulic 
engineering and hydraulic machinery. For the third-year student in engineer- 
ing, the book emphasizes applications to fluids other than water and considers 
compressible and incompressible fluids. Fundamental methods and concepts are 
stressed. Much information on experimental data is included. 


HANDBOOK OF HYDRAULICS. New fourth edition 
By H. W. Kine and E. F. Brater. In press 


Organization remains the same, but numerous revisions and changes characterize 
the new edition of this successful work. The first three sections have been 
thoroughly revised and rewritten with minor changes and additional material 
appears in the remainder of the book. Revised material includes information 
on standardized nozzles, pipe orifices and submerged weirs. New material also 
includes sluice gates, venturi meters and cavitation. New format is 5 x 73. 


PRESTRESSED CONCRETE. New third edition 


By GustaAvE MAGNEL, University of Ghent, Belgium. In press 


Here is an up-to-date, concise account of current knowledge on the subject, which 
provides data to enable some types of structures to be designed in prestressed 
concrete. It also gives information necessary to carry out the work properly. 
The book is for graduate students and practicing engineers as well as some 
undergraduate courses. 


DESIGN OF CONCRETE STRUCTURES. New fifth edition 


By L. C. Urguuart, Porter-Urquhart, Consulting Engineers and C. E. 
O’RourKeE. Revised by CotoneL UrquHart, and Grorce WINTER, Cornell 
University. In press 


Thoroughly revised to account for the many new developments in concrete tech- 
nology and design method of the past two decades, this new edition prepared by 
Urquhart and Winter has greater emphasis on basic structural performance, 
fundamental mechanics and physical explanation while retaining the basic method 
of presentation and general arrangement of material which have made this book 
useful as a text for students. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, Inc. 
330 West 42nd Street New York 36, N. Y. 
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Do You Know— 


p To the ladies . . . a French Provin- 
cal estate, complete with formal gardens, 
and a reflecting lake, set down in the mid- 
dle of Illinois cornfields! Hard to be- 
lieve, isn’t it! . . . but the hostesses at the 
University of Illinois are hoping to take 
the visiting ASEE wives to Allerton for 
luncheon and a visit at annual convention 
time in June. And a family square dance 
party Monday night, bridge and luncheon 
at the Country Club, tips and facts on 
fine china, pottery and other dinnerware 
by a ceramics expert, and a special demon- 
stration of all the wonderful desserts you 
ean make from ice cream will be among 
the other events being arranged. So come 
along with your husband, see your old 
friends, get acquainted with us, and have 
fun! 

The children’s program will be a hum- 
dinger! The Illinois’ children are all 
excited about hostessing under the Buddy 
System. Honest to goodness Engineer- 
ing Mothers are running the show 
sparked by Mrs. Edward Jordan, with 
a rootin’-tootin’ time for teens at their 
own clubroom with Mrs. Norman Parker 
keynoter. 

Crafts, games, swimming, picnic 
lunches, science explorations, and just 
plain entertainment pack the day 9:30 
to 5, Tuesday, Wednesday, and Thurs- 
day. The kids won’t want to miss it, and 
Mom will be a free woman. The age 
groups will be 4-5; 6-7; 8-9; 10, 11, 12; 
and teenagers. 

Register the children as far ahead as 
possible so they can be accommodated. 


> This year the ECRC and ECAC are 
jomtly commemorating the Fiftieth An- 
luversary of the founding of Engineering 


Experiment Stations in the U. S. by a 


dinner open to the Society membership. 
The speaker will be Dr. Lee DuBridge, 
President of the California Institute of 


Technology. The first Engineering Ex- 
periment Stations in this country were 
set up at the University of Illinois and 
Iowa State College. 


B® The Technical Institute Division has 
prepared and published a bulletin “Lit- 
erature Significant to Education of the 
Technical Institute Type.” Copies of this 
60-page annotated bibliography are avail- 
able at $1.00 each from Mr. Karl O. Wer- 
wath, 1025 N. Milwaukee Street, Mil- 
waukee 1, Wisconsin. 


B® The Committee on Evaluation of En- 
gineering Education held a two-day meet- 
ing at Atlanta, Georgia, February 19-20 
to review some of the more controversial 
issues in the Preliminary Report and also 
to appraise the material presented in some 
118 reports from Institutional Committees 
which have been working with the ASEE 
Committee. The Institutional Committee 
reports provided extremely helpful sug- 
gestions, many of which will be ineorpo- 
rated in the final draft. You will be 
interested to know that the Committee 
decided to delete the two issues which have 
been most controversial—bifureation and 
the plan of starred accreditation for ex- 
ceptionally meritorious curricula. There 
was almost universal disapproval of these 
two proposals. 

The Committee recommended that the 
report presented in June 1954 be an in- 
terim report which would be reviewed 
during the next two years for subsequent 
modification, as well as to evaluate the 
progress in implementation of the report. 


B® The conference on Solid State Phys- 
ics held at the University of Illinois, 
March 8-10, sponsored jointly by ASEE 
and the National Science Foundation, 
helped to clarify the essential fundamen- 
tals in modern physics as they relate to 
undergraduate engineering education. The 
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420 DO YOU KNOW— 


Committee came forth with recommenda- 
tions of subject matter which might be 
included in one or two undergraduate 
courses and the manner in which this 
material can be utilized to provide a more 
scientific base underlying the engineering 
courses. It was the belief of those pres- 
ent that the inclusion of such material 
at about the Junior year could greatly 
strengthen the scientific foundations of 
the courses in engineering materials, elec- 
tronics, metallurgy, strength of materials 
and others. 

Watch for a summary of this Confer- 
ence in the May issue of this Journal. 
Also, may we remind you of the Open 
Conference on this subject to be held at 
Carnegie Institute of Technology, June 
21-25, 1954. For information write to 
Assistant Dean John Graham, Carnegie 
Institute. Dr. Frederick Seitz at the Uni- 
versity of Illinois organized the closed 
conference and served as its efficient 
Chairman. 


B® There will be a similar conference, 
sponsored jointly by ASEE and the Na- 
tional Science Foundation, dealing with 
Nuclear Physics in Engineering Educa- 
tion. The Closed Conference will be held 
at Columbia University, April 21-23, and 
the Open Conference at Northwestern 
University, September 7-11. For infor- 
mation relating to the Open Conference, 
write to Professor Robert Young, Tech- 
nological Institute, Northwestern Univer- 
sity. 


®& The Mechanics Division is building 
its Summer School, June 11-12 at Urbana, 
around the theme of Graduate Study in 
Mechanics. The detailed program is too 
long to print, but the subjects sound both 
vital and interesting, ranging from mathe- 
matical preparation, mechanics of solids 
and fluids, advanced dynamics, solid state 
and nuclear physics, thermodynamic ef- 
fects on stress analysis and vibrations, all 
the way to discussions of future programs. 
If you wish information, write to Profes- 


sor Herbert R. Lissner, Wayne Univer. 
sity, for details. 


®& Mechanical Engineering will hold its 
Summer School at Navy Pier, University 
of Illinois in Chicago, June 18-25. The 
program, aimed primarily to help the 
young instructor, deals with the “Teach- 
ing of Machine Design and Manufactur. 
ing Processes” and covers the entire gamut 
from A to Z. Professor K. E. Lofgren of 
Cooper Union is in charge. Here's a 
chance to dangle a fishing line out the 
classroom window and strike up a jackpot 
for the largest catch. 


B® The Committee on Engineering Eeo- 
nomics is busy planning a two-day Sun- 
mer School to be held at Urbana on June 
12-13 preceding the Annual Meeting, 
There will be a series of seminars under 
the general theme “An Evaluation of 
Analytical Techniques of Engineering 
Economy,” which will include “Enterprise 
Economies,” “National Economies,” “Ae- 
counting,” “Statistical Techniques,” and 
“Operations Research” as they bear on 
Engineering Economies. Professor A. J. 
Lesser of Stevens Institute, who is Chair- 
man of the Division, can supply further 
information. 


& From our Electrical Engineering Di- 
vision comes information relating to their 
Summer School on “Design of Digital 
Control Circuits” on June 18-20 at Ur 
bana. This will feature several distin- 
guished Digital Computerists from the 
Bell Telephone Laboratories, together 
with demonstrations. For information, 
write to Dean L. V. Bewley, Lehigh Uni- 
versity. 


Bw The Humanistic-Social Division wil 
hold a Summer School after the Annual 
Meeting, June 18-20, 1954, at Urbana. 
This will be a workshop to launch the 
new Humanistic-Social Research Project. 
Professor Sterling Olmsted, Rensselaer 
Polytechnic, will send you further infor- 
mation if you write. 


(Continued on page 482) 
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Laboratory courses are almost uni- 
yersally considered to be an important 
part of an engineering curriculum, but 
there is no general agreement as to what 
constitutes a good laboratory program. 
However, there do appear to be certain 
principles upon which laboratory instruc- 
tion should be based. It is the purpose 
of this discussion to present one view- 
point on the subject by first stating some 
of these principles, and then discussing 
or defending them. Particular reference 
is made to electrical engineering in order 
that specific details may be considered at 
times. 

I. The university as a whole, the engi- 
neering college or division, and the de- 
partment in question should have a basic 
guiding philosophy of education, and this 
should be subscribed to, in general, by 
the staff, including laboratory instructors. 
Some engineering colleges believe in a 
highly specialized training, some favor a 
broad general coverage, while still others 
prefer a more thorough emphasis upon 
scientific principles. Of course any good 
school has room for a wide variation in 
methods and emphasis in its courses, but 
difficulties are sure to arise if an instruc- 
tor is completely out of sympathy with 
the basie aims of his institution. For 
example, a laboratory instructor who is 
convineed that his students should be- 
come skilled technicians, such as might 
graduate from a trade school, should not 
attempt to force his opinion on his col- 
leagues and his students when it is clear 
that the school believes in an entirely 
different approach. Educational philoso- 
phies change, of course, and every staff 
member should be free to speak and work 
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Engineering Laboratory Courses 


By JAMES N. THURSTON 


Associate Professor of Electrical Engineering, California Institute of Technology 


for his ideas, but he should not be a 
deliberate obstructionist. 

II. As a corollary to item I, it follows 
that laboratory courses should be planned 
to fit in with the general aims of a 
department. Furthermore, there should 
be a single laboratory program, rather 
than a large number of distantly related 
courses. As aims change, and as tech- 
nological developments occur, laboratory 
instruction must, as a rule, change ac- 
cordingly. Carefully planned changes in 
laboratory programs are far preferable 
to indiscriminate and drastic revisions. 
Too often there is little or no continuity 
in laboratory supervision, with the result 
that work done in the past is frequently 
wasted or overlooked in the confusion of 
a course revision. Graduate students, 
who are often given complete responsi- 
bility for laboratory courses, simply do 
not stay in the department or do not re- 
main in charge of the courses for a long 
enough time to provide the necessary 
stability. Throughout the country there 
must be thousands of reams of old labora- 
tory notes and experiment sheets that have 
been stored away and forgotten, only to 
be “superseded” by material which, upon 
inspection, would be found to duplicate 
almost exactly the earlier work. 

III. Convenience of scheduling, ease 
of grading, and economy of operation 
should never be given primary considera- 
tion in the planning of a laboratory 
course. 

IV. In order to be useful, a laboratory 
program must entail some preparation by 
the student beforehand, and must allow 
for some study and contemplation of the 
results obtained. Time for this outside 
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preparation should be clearly allocated, 
preferably in the catalog, and not “stolen” 
from other subjects. 

V. Laboratory instruction should be 


recognized as an important part of a col-. 


lege program. Adequate credit should be 
given to those who handle. laboratory 
courses, and senior staff members should 
be encouraged to participate in this type 
of teaching. Too often laboratory assign- 
ments are given to young and inexperi- 
enced instructors, without supervision, 
simply because the assignments are clearly 
tedious, and underrated in hours of as- 
signed credit. The result of such a policy 
is obvious. Laboratories are expensive 
to maintain and operate. They should 
either be given adequate attention or 
eliminated entirely. 

VI. Methods of laboratory instruction 
should be graduated to meet the student’s 
needs as he progresses. Early courses 
should be arranged to offer more aid and 
guidance than later ones. In any case, 
completely detailed laboratory experi- 
ment instructions should be avoided, since 
their successful completion tends to show 
only that the student can read, that the 
equipment is in operating condition, and 
that the instructor was clever to have 
worked up such a good experiment. 

VII. Experience in report writing is 
essential, and all complete laboratory pro- 
grams should include attention to this 
principle. It may not be necessary or 
desirable to require formal reports in 
each separate laboratory course, but some 
report-writing experience should be in- 
corporated in the whole program. Labo- 
ratory instructors, in marking reports, 
should be as careful of details related to 
expression, grammar, and punctuation, as 
they are with respect to purely technical 
aspects of the report. 


ENGINEERING LABORATORY COURSES 


VIII. Laboratory subjects should, if 
possible, be listed under separate titles 
and numbers in the catalog. Often it is 
stated that better correlation between class 
and laboratory is obtained if the two are 
listed as a part of one subject. Actually 
this seldom is true, since the laboratory 
and classroom instructors are usually not 
the same, the facilities are such that the 
same groups cannot be together in both 
places, and scheduling problems usually 
results in various mixtures of class and 
laboratory groups. The advantages of 
separate listing are considerable. Each 
course must stand alone and justify its 
existence, there is much more flexibility 
available for those students who have 
irregular schedules, and there is likely to 
be more attention paid to a separate labo- 
ratory course than to one which is only 
a part of combination. Every possi- 
bility of correlation between laboratory 
and class that exists with the combined 
method of listing is possible with the 
separate system. 

IX. Active student participation in the 
laboratory should be encouraged by (a) 
prompt and accurate grading of labora- 
tory performance, (b) limiting laboratory 
teams to the smallest possible number 
that can do the work (often two per team 
in undergraduate electrical engineering), 
(c) measures designed to minimize report 
copying and other illegal use of “files.” 

Other principles could be stated, but 
the preceding ones seem to cover the most 
important points. Even if there were 
complete agreement with the above state- 
ments, there would be many problems 
concerned with the detailed operation of 
laboratory courses. Further thought and 
discussion are needed on the general sub- 
ject of laboratory instruction, as this area 
of engineering education seems to have 
received little attention in recent years. 
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Notes on: “How to Improve Our Engineering 
Curriculum”—Can we benefit from a com- 
parison of the American with the 
European teaching methods? 


By R. K. BERNARD 


Professor of Engineering Mechanics, Rutgers University 


The author of this paper, Dr. R. K. Bernhard, Professor of Engineering 
Mechanics at Rutgers University, has been educated in Europe and taught 
engineering subjects in this country since 1938. His experiences seem to 
qualify him to present a comparison and analysis of the basic teaching 
methods as practiced on both continents.—EDITOR. 


I. Introduction 


The great progress in the physical sci- 
ences, stimulated by developments dur- 
ing World War II, raises the urgent and 
highly controversial question at many of 
our Engineering Colleges: “What shall 
we do with our engineering curriculum in 
order to cope with all these new develop- 
ments ?” 

The purpose of the following notes is, 
first: to diseuss a few basic concepts of 
our present teaching methods, second: to 
compare them with certain European pro- 
cedures, and third: to investigate whether 
we can benefit from this comparison by 
improving our curriculum and live up to 
the new situation. 

This discussion is limited to technologi- 
cal questions only. Equally important 
topies on studies of the humanities are 
beyond the scope of these notes. 


IL. General Concepts 


The fundamental questions involved 
are: “Do we want to educate primarily 
the better student, do we intend. to help 
only the average man, or do we need 
programs for both?” 
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In other words: “Is our main purpose 
to raise only an elite, or to restrict every- 
one to the same average education, or to 
allow each student to make the maximum 
use of his abilities?” 

While the European methods follow, in 
general, the “leitmotif” to assist a selected 
few, our system tends to the obviously 
more democratic “credo” trying to raise 
the educational standard of the masses. 
Unfortunately, the American undergrad- 
uate system tends to limit the opportuni- 
ties for the more gifted students. 

It certainly cannot be stated that one 
of the many avenues of approach is bet- 
ter than the other; an historical develop- 
ment will always follow its own path in 
order to fulfill definite aims. 

Furthermore, whatever teaching meth- 
ods are used, and often in spite of a poor 
teacher, the brilliant student will even- 
tually find his way regardless. 

As is often the case, most systems have 
their pros and cons. Hence, the next 
questions arise: “Can we afford to con- 
tinue with our present method?” and “Is 
it possible to modify and adapt ade- 
quately some of the advantages of the 
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European procedures to minimize some 
of the disadvantages inherent to our sys- 
tem?” 


American System: 


Our system is based on the fact that 


the high schools, in general, do not pre- 
pare their students as we would prefer, 
in particular, as far as natural sciences 
are concerned. Much of the desirable 
course material must be presented to our 
engineering freshmen and sophomores 
which could be digested during the senior 
high school year. 

Furthermore, we consider it essential 
that periodic quizzes be followed by final 
examinations within each semester—some- 
times inadvertently degenerating into 
“spoon feeding.” 

Finally, a rigid course schedule with a 
predetermined number of credit hours 
allows only a rather small deviation from 
this standardized procedure. Hence, not 
much time is left for self studies and 
creative thinking. 

The advantages of this system are: 

An average student will benefit mostly 
from progressive quizzes and finals. 

The continuous process in grading our 
students forms a highly satisfactory, auto- 
matie feed-back system for weak pupils, 
for the teachers and, if necessary, even 
for the parents. 

All three can take preventive measures 
at the earliest possible moment in order 
to remedy any further deterioration. 

In addition, the poor student can be 
effectively eliminated at any appropriate 
time by our probation methods. 

The mortality of senior students is rela- 
tively low, thus presenting one of the out- 
standing advantages of our methods. 

The disadvantages are: 

The average student, and unfortunately 
the mediocre one also, will be capable to 
squeeze his way through struggling from 
one quiz to the next. If necessary, he can 
repeat this procedure for several semes- 
ters. Too often the tendency of an in- 


structor may prevail to let the poor candi- 
date pass after renewed attempts. 


HOW TO IMPROVE OUR ENGINEERING CURRICULUM 


This rigid reining, which is so neces. 
sary for the mediocre pupil, sometimes 
acts as horse blinders for the better sty- 
dent. It might prevent him from taking 
a broader view, that is, exploring both 
sides of the beaten path. 

Gifted men are rather restrained sine 
the progress in most courses must be 
geared down to the average. Thus the 
brilliant fellow has few possibilities to 
proceed faster or to add more courses to 
his allowable credit hours. 


European System: 


Some European systems are based on 
the fact that the last two high school years 
are subdivided into separate branches, 
These branches emphasize either science 
courses or studies of modern or of ancient 
languages. In case of predominance in 
science studies a high school student would 
receive adequate training in Differential 
and Integral Calculus. Similar possibili- 
ties exist for physics and chemistry 
courses. 

The extensive use of comprehensive 
examinations is a well established prae- 
tice at many European Universities. No 
quizzes or intermediate finals are offered. 
For example, the German engineering 
curriculum (pre 2nd World War) con- 
prises two comprehensive examinations 
only—one after the sophomore and one 
after the senior year. Repetitions of 
these two tests are severely restricted. 

One typical example of a problem in 
such a comprehensive examination for a 
candidate in civil engineering, majoring 
in bridges might be outlined. Its solt- 
tion requires several days’ work and may 
include the following items: Theoretical 
and practical design of a bridge in all its 
details; discussion why the selected type 
of structure is economically justified; 
erection procedures and excavating meth- 
ods; work-time schedules; cost estimates; 
financing procedure and amortization. 
Thus the crossing of departmental border 
lines between Civil-, Mechanical-, Elee- 
trical-, Architectural-. and Administrative- 
Engineering becomes obvious. 
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The advantages of this system are: 

An extended preparation in physical 
sciences and languages during the last 
two high school years relieves the stand- 
ard four year engineering curriculum 
from the above topics. It allows the in- 
troduction of other generally more ad- 
vanced courses. 

The better university student will bene- 
fit mostly by proceeding with these courses 
at his own pace. In order to survive he 
has to learn at an early stage, starting 
as engineering freshman, to stand on his 
own feet. He must use his own judgment 
to adapt the progress according to his 
eapacity of absorbing the subject matter 
as required for any comprehensive ex- 
amination. That means he has to learn 
how to integrate many different topics 
over long periods of time. All of these 
decisions present a severe and valuable 
challenge to his personal integrity. 

The disadvantages are: 

A large number of high school juniors 
have not developed enough to indicate 
specific abilities. 

They are not capable to select the 
proper branch best adapted for their fu- 
ture university studies. 

Students with poor memory will be 
handicapped at the comprehensive uni- 
versity examinations without necessarily 
having a lower aptitude. 

A photographic memory can act in the 
opposite way. 

Candidates with lack of confidence 
seldom find the courage to enter a com- 
prehensive examination, while men with 
over-confidence might fail likewise. 

The almost complete freedom in study 
methods will lead many astray, mainly 
due to lack of proper guidance. 

Hence, the mortality at these compre- 
hensive tests is rather high. This pre- 
sents a particularly serious disadvantage 
sinee a rejection from the selected pro- 
ae career comes at a rather late 

te, 


III. Re-Evaluation of the Engineering 
Curriculum 


_ Numerous suggestions and experiments, 
independent of any European procedures, 
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have been made at many of our universi- 
ties. All of them try to prevent pitfalls 
inherent to both systems as analyzed 
above. 

Two of the various suggestions adapta- 
ble to our special requirements might be 
discussed. They present a combination 
of an extended four year engineering cur- 
riculum and of an honor program. Some 
of these plans have been advanced and 
are at present under serious considera- 
tions by appropriate committees at the 
College of Engineering of Rutgers Uni- 
versity. 


Extend-d Four Year Program: 


The main purpose of an extended four 
year curriculum is to raise the standards 
of the present engineering curriculum and 
to increase the amount of studies in funda- 
mental sciences in order to keep up with 
the new technological developments. 

The extended four year program is 
based on the assumption that the last high 
school year may be taught at a university. 
In most cases the senior high school year 
cannot be satisfactorily modified to fit the 
special requirements of a revised engi- 
neering curriculum, at least not at the 
present time. 

Furthermore, the plan presupposes that 
only those high school seniors who show 
a definite aptitude for science studies will 
be eligible for this program. 

Hence this suggestion has a certain re- 
semblance to some of the above men- 
tioned European methods. It relieves the 
standard four year engineering curricu- 
lum from certain basic science courses. 

Finally, such a plan does not extend 
the duration of the present four year uni- 
versity studies and would facilitate a 
raising of our standards. 

It must be kept in mind, however, that 
many high school seniors have not ma- 
tured enough to develop special apti- 
tudes. Consequently, this choice of a 
science study at such an early stage must 
be optional and revocable. 


Honor Program: 


The purpose of a university honor pro- 
gram may be threefold; first: to promote 
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creative thinking, second: to urge better 
students, in particular juniors and seniors, 
to widen their scope of studies, and third: 
to enable the brilliant man to progress 
faster. 

Only students above a specified scho- 
lastie average can become eligible candi- 
dates and must apply on their own ini- 
tiative for participation in the Honor 
Program. 

1. Creative thinking can be stimulated 
by forming a team of qualified seniors 
from various departments (Civil-, Me- 
chanical-, Electrical-Engineering, ete.). 
This selected group will be challenged by 
one comprehensive problem covering a 
wide range of engineering fields. The 
solution must require not only extensive 
studies in the library but also a selection 
of the best and, if possible, new methods. 
Finally, a detailed analysis of the findings 
is essential. 

Getting accustomed to team work, to 
develop new angles of attack, and to in- 
spire creative and productive research, 
is one of the major objectives. 

2. An increase in scope of studies might 
be promoted by self studies. These self 
studies should include regularly required 
as well as elective courses. For this pur- 
pose the better student will not be forced 
to participate in any quizzes. He has to 
present himself, however, for a final ex- 
amination whenever he feels that he mas- 
ters the subject. Generally speaking, he 
will have the privilege to study when 
and where he sees best, according to his 
own discretion. The time gained by not 
attending classes and quizzes might be 
used for additional courses. 

Some students, particularly the “lone 
wolf” type, will benefit from such a 
liberalized procedure. 

3. The above privileges might, in ex- 
ceptional cases, permit a brilliant candi- 
date to finish his studies in a shorter time 
than the prescribed four years. This re- 
duction in time will enable him to pursue 
more advanced studies than are ordi- 
narily available to the undergraduate. 


Since any rigid guidance for this g. 
lected group of students is almost con. 
pletely dropped, a specially appointed 
faculty committee ought to continuously 
supervise the admission, the progress, and 
also the dismissal from the program of 
any individual candidate in case of a 
drop in his scholastic average. 

Both programs tend to make use of 
some of the best qualities included in 
some of the European systems; first, by 
deliberately crossing departmental border 
lines, and second, by eliminating most of 
the continuous supervision. 

To avoid misunderstandings it must 
be emphasized that it seems equally possi- 
ble to reverse this procedure and try to 
improve upon the European methods, 
This, however, is beyond the scope of the 
present discussion. 


IV. Conclusions 


From a comparison of American with 
some European teaching concepts and a 
analysis of the pros and cons inherent to 
both systems, several clues for an im 
provement of our present engineering 
curriculum may be abstracted. 

Apparently the few independent some. 
what heretic suggestions, as discussed 
previously, have the tendency to lea 
towards certain European methods. 

In case any suggestions are accepted in 
one form or another, they ought to b 
introduced gradually and on a small seal 
experimental basis. It must be kept i 
mind that close supervision and constant 
changes for improvement will be neces- 
sary. 

The author realizes that the plans pre 
sented so far are only a few of the many 
ways in which progress can be achieved. 
Every institution of higher learning wil 
require or prefer different methods. 

By raising these issues he exposes him 
self to the dangerous crossfire intrinsi 
to all controversial questions; if, how 
ever, further investigations along thet 
lines have been stimulated he would fed 
very gratified. 
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The Chemical Profession in the U.S.S.R. 


By J. G. TOLPIN 


Development and Patent Department 


Standard Oil Company (Indiana) 


The early history of the Russian Chemi- 
eal Society is similar to that of the chemi- 
eal societies in other countries, notably 
Germany. Its journal (now called “Jour- 
nal of General Chemistry”) started pub- 
lication in 1869. The German “Berichte” 
started publication in 1868. The later 
development of the two societies differed 
pronouncedly. In recent years, the rapid 
expansion of Russian chemical education 
facilities, the growth of the chemical in- 
dustry in Russia, the change of the social 
atmosphere and of the relationship with 
other professional and social groups has 
rapidly changed the objectives of the 
Mendeleev Chemical Society (the present 
name of the chemical society in the U.S. 
§.R.) in many respects. 

In 1913, Russia had 1000 chemists. The 
Russian Chemical Society (known as the 
Chemical Division of the Russian Physico- 
Chemical Society, to which both chemists 
and phycisists belonged), numbered 415 
members in 1927. The numbers of scien- 
tists in other fields were not much differ- 
ent. It is difficult to draw a clear com- 
parison between the numbers of chemists 
in the U.S.S.R. and in the U.S.A. at the 
present time, interesting as this would be. 
The term “chemist” is not uniformly de- 
fined on the basis of education or occupa- 
tion. In 1939 the number of chemists in 
Russia reached 50,000 and there were 
facilities for training about 5000 chemists 
and chemical engineers a year. The num- 
ber of engineers of all branches trained 
in 1938 was 25,200. There is reason to 
believe that at the present time the num- 
ber of chemists and chemical engineers 
in Russia is close to 75,000. The Ameri- 
can Chemical Society has now about 70,- 


000 members. It is likely that there are 
up to twice that number of people in the 
United States employed as chemists. The 
number of people in this country em- 
ployed as engineers and biological and 
physical scientists was reported in 1952 to 
be 600,000. 

The total number of graduates from 
Russian universities and technical colleges 
during the 1946-50 period was 652,000. 
The number of chemists among these 
graduates was not stated. The total num- 
ber of graduates from United States uni- 
versities and technical colleges during the 
same period was 1,630,438.* Degrees in 
chemistry granted during the period 
1948-50 totaled 35,217 in the United 
States. 

In 1948, 64% of all Soviet scientists 
including chemists were between the ages 
of 30 and 50. The number of women in 
scientific and engineering research is 
large. In 1941 there were over 15% 
women in the various technical profes- 
sions in Russia and at least 25% of all 
students in the technical colleges were 
women. In all likelihood, this percentage 
has not decreased after the war. 


Privileges Extended 


Although the great majority of the pro- 
fessionals, including chemists and chemi- 
eal engineers, did not collaborate in the 
revolutionary movement in 1917, many of 
them later stayed on their jobs and, when 
the industrialization drive was started in 
1928, they wholeheartedly collaborated 
out of sheer patriotism. This attitude 


* Estimated, as figures are not available 
for 1946-47 graduates. 
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was revealed even by some Tsarist gen- 
erals who served the Soviet government. 
In the case of scientists, many privileges 
were extended to them and in the course 
of years a series of new incentives and 
methods of exerting pressure upon scien- 
tists was developed in order to keep them 
in line politically and promote their in- 
terest in research and development work 
along the lines laid down by the Soviet 
government through its industrial plan- 
ning organizations and the Academy of 
Sciences. All these influences are relayed 
through the organizations in which the 
chemists participate. Important among 
these is the Mendeleev Chemical Society. 

The inducements mentioned above are 
not much different from those available to 
employees in capitalist countries; they 
differ only in emphasis and include public 
recognition, award of prizes and medals, 
remuneration for patentable invention dis- 
closures, election to honorary positions 
and promotions. 

The primary objective of the Mendeleev 
Chemical Society is to organize the chemi- 
cal personnel for the fulfillment of that 
part of the over-all plans of the State 
which is thought to be within its sphere of 
activity. It arranges lectures and discus- 
sions on pertinent subjects and contests 
for researches on problems the solution 
of which is urgently needed by the na- 
tional economy. These problems may in- 
clude a mathematical study of a given 
process or application of a known reac- 
tion. The pride of Russian organic chem- 
ists, the S. V. Lebedev process for the 
synthesis of rubber from ethyl alcohol 
via butadiene, resulted from one of the 
first contests of this type won by Lebedev 
in 1927. Just as societies of engineers in 
various branches of industry, the Chemi- 
cal Society is urging its members to file 
invention disclosures for which the in- 
ventor may eventually be rewarded in 
proportion to the savings effected by his 
invention. A Stalin prize involves an 
outright award of a considerable sum of 
money, between 25,000 and 200,000 rubles. 
Election to the Academy of Sciences con- 
tributes greatly to the prestige of a scien- 


tist. On the other hand, the Mendeleey 
Chemical Society collaborates with such 
bodies as the Department of Chemistry 
of the Academy of Sciences in keeping 
the direction of the chemical researches 
not only close to the needs of the m. 
tional economy, as described by the plans, 
but also close to the dogma laid down by 
the philosophy of the State. A meeting 
on the nature of the chemical bond was 
organized in 1951 by the Department of 
Chemistry of the Academy of Sciences in 
order to reprimand publicly the chemists 
who allegedly harmed Russian chemistry 
by insufficient recognition of M. Butle 
rov’s views on the structure of organic 
molecules and supported the resonane 
theory of Linus Pauling. One may think 
that some of the chemists who recanted at 
that meeting and even some of the ae 
cusers paid lip service to the interprets- 
tion of the State philosophy handed dom 
from above at that meeting but this die 
tate is illustrative of the type of publie 
condemnation and criticism to which a 
Russian scientist may be subjected fo 
deviation of his views from the accepted 
theory as well as for insufficient adapts 
tion of his research to the needs of th 
Soviet industry and Soviet theoretical 
science as decreed by the managers of 
Soviet science. 


Training 


The training of a Russian chemist it- 
volves a four- or five-year period of study 
after graduation from a secondary schodl 
—i.e., after 10 years preliminary educs 
tion. A chemist or chemical engineer i 
clearly distinguished from assistant 
engineer occupying a more subordinate 
position. The number of these engineer 
ing assistants, who are trained accordilg 
to a well developed program of techniedl 
secondary school education, is consider 
bly larger than that of chemists and e 
gineers. The graduate chemist may é 
gage in teaching, research or industrial 
work; the latter is more frequently dow 
by chemical engineers. In any case, lt 
may want to pursue graduate study for 
an advanced degree, There are two de 
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grees which he can obtain by post-grad- 
uate work, pursued either in an institution 
of higher learning or in an authorized 
research institute; this work is carried 
out in many cases in absentia, except for 
the final year or so and examinations for 
which the candidate appears in person. 
These degrees are Candidate of Science, 
roughly equivalent to a master’s degree, 
and a doctor’s degree, which is officially 
termed doctor of the respective science, 
such as Doctor of Chemical Sciences. The 
term Doctor of Philosophy is reserved for 
those specializing in the field of philoso- 
phy proper. In pre-revolutionary Russia, 
obtaining a doctor’s degree involved ex- 
ceedingly much work in preparation of a 
dissertation. At the present time, the 
requirements are less rigorous and some 
positions, such as that of full professor, 
are filled as a rule only by individuals 
holding that degree; nevertheless, there is 
evidence that obtaining a doctor’s degree, 
for instance in chemistry, is still a formi- 
dable undertaking. A -chemist with such 
a degree will almost always sign his 
articles with “Doctor of Chemical Sci- 
ences” following his name. 

Although the rate of training chemists 
in the U.S.S.R. is high and in 1942 it 
was stated that there were 70 institutiops 
with facilities for chemical training, con- 
siderably fewer institutions are available 
for graduate training and there is a con- 
stant drive, evident from the proceedings 
of various bodies responsible for training 
of scientists, to improve the graduate re- 
search and the qualifications of the upper- 
grade chemist. Some leaders of research 
are apparently so overburdened with di- 
recting research, writing, teaching, and 
other duties that they neglect supervision 
of graduate students, or “aspirants” as 
they are called, for which they are oceca- 
sionally publicly reprimanded. A. A. 
Balandin, a leader in catalytic chemistry, 
trained within 25 years only nine people 
for the doctor’s degree. It is to be re- 
membered, however, that the training for 
the doctorate in natural sciences, agricul- 
ture and engineering was reserved until 
recently for institutes of the Academy of 
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Sciences. Only in 1952 were eight promi- 
nent technical colleges and the Moscow 
State University authorized to award doc- 
tor degrees and accepted a total of 100 
candidates for that degree. In 1947 the 
total number of people with doctor de- 
grees in U.S.S.R. was reported to be over 
10,000; the number of Candidates of Sci- 
ence, 23,000. In 1951 there were 24,000 
persons in training for the degree of 
Candidate of Science, and their rate of 
training was to be doubled by 1955, as 
compared to 1950. Within the same 5- 
year period the Academy of Sciences will 
train 1000 persons for the doctorate and 
2500 for the degree of Candidate of Sci- 
ence. The Academy awarded 91 doctor 
degrees and 361 Candidate degrees in 
1952. All these numbers are not limited 
to the natural sciences. 


Indoctrination 


All higher education, including train- 
ing in chemistry, involves indoctrination 
in Communist theory, and no individual 
suspected of anti-Communist tendencies 
will be given a responsible position. 

The entire chemical research in Russia 
is influenced by the National Soviet 
Academy of Sciences and the provincial 
academies of sciences. In addition to the 
research institutes directly managed by 
the Academy, there is a much larger num- 
ber of research institutes serving industry 
either on a national or a regional basis, or 
else serving a definite branch of an in- 
dustry. The next organizational research 
unit in the downward direction is a labo- 
ratory attached to a plant. Important 
research seldom comes from these labo- 
ratories. On the other hand, the re- 
search in the national institutes of ap- 
plied chemistry and in the institutes of 
the Academy of Sciences is carefully 
planned and integrated, and the progress 
reports underscore the number of topics 
on which research has been completed 
and those on which the completion is still 
pending. The chemical research insti- 
tutes within the Academy of Sciences are 
clearly identified through their publica- 
tions and progress reports; not so the in- 
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stitutes working for the Soviet industries. 
There are at least 70 chemical research 
institutes in the U.S.S.R. The total num- 
ber of research institutes was given before 
World War II as exceeding 800. At least 
six national research institutes serve the 
petroleum industry. 

Recognition abroad is apparently just 
as important to Russian chemists today 
as it always has been. They constitute 
today a vigorously growing body of rela- 
tively young, ambitious scientists who 
strive to assert themselves on the science 
stage internationally, but also as citizens 
of their country deserving of high esteem, 
which they have been given as a body, 
but which is constantly threatened in the 
ease of every individual scientist. 


Russian Chemistry not well followed in 
the United States 


Language difficulties and geographical 
separation are responsible for a lack of 
information in this country about Russian 
chemists. Historically speaking, one of 
the obstacles in the way of recognition 
by English-speaking scientists of cer- 
tain important contributions of Russian 
chemistry was the influence of scientists 
of German descent upon Russian science. 
Among the scientists invited at the in- 
ception of the Russian Academy of Sci- 
ences (founded in 1725) to work in that 
institution, the number of Germans was 
large; the contributions to science made 
by some Rusian chemists of German ex- 
traction have been great in many cases. 
They reported their researches in German 
publications, as do many other Russian 
scientists. Many Russian scientists with 
foreign names occupy important places in 
Russia today and are very patriotie to 
their country. However, credit for their 
researches was in the past frequently 
given to Germany. Thus, F. Beilstein, 
Paul Walden, Wilhelm Ostwald, P. P. 
von Weimarn and many others either 
started their scientific careers as Russian 
citizens or considered themselves Russians 
throughout their lives. In the St. Peters- 
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burg Technological Institute Beilsteiy 
taught for a number of years inorgani, 
chemistry, while D. I. Mendeleey—y. 
ganic chemistry. A study of the scientif 
literature cited by Russian organic chen. 
ists established a decrease of the Germay 
influence at the present time: around 194 
the Russian organic chemist was quoting 
in research papers more Russian than 
German references. A similar stage was 
reached by the American chemist in 1919, 
Both resulted from the rise of American 
chemical research. 


Influence is Great 


The influence of the Soviet chemical 
profession upon the Soviet industries is 
great. In line with the importance of 
chemistry in the Soviet industrialization 
plans, the third Five-Year Plan, which 
was to be completed in 1942 and was in- 
terrupted by the war, was termed “the 
Chemical Five-Year Plan” and there is 
much emphasis on chemistry also in the 
present plans. Both the incumbent pres: 
dent of the Soviet Academy of Science 
and the scientific secretary of the Academy 
are organic chemists (A. N. Nesmeyanor 
and A. V. Topchiev, respectively). 

In the past, many new processes intr- 
duced in Russian chemical industries con 
sisted of adaptation of foreign processes. 
Now original developments resulting fron 
utilization of the available natural r 
sourees and fruition of Russian basic r 
search occupy the Soviet chemist. Iti 
true that a Russian chemist, just likes 
chemist elsewhere, has to be mindful d 
economics and certain chemically interes- 
ing processes are not commercialized for 
this reason. Speaking about such prot 
esses and claiming credit for their develop- 
ment, Russian chemists are very N0l- 
committal in many eases. 

Looking at the future, the Russia 
chemist is confident of increasing succes 
within his own sphere of influence, bi! 
the policies of the State and their eventul 
influence upon him he cannot predict. 
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Fundamentals and Professional Thinking 


By M. L. MILLETT, JR. 


Assistant Professor of Aeronautical Engineering, Iowa State College 


According to Webster originality is “in- 
dependent and creative in thought or ac- 
tion: inventive.” If then a student can 
apply creative means in the solving of 
some fundamental problem that is new 
and unfamiliar to him, he has originality. 
Also, the student who in a given situa- 
tion, can apply his thinking progressively 
through each step until the solution is at 
hand has originality or is creative in 
thought. What then can the engineering 
division and the entire college do to help 
the student develop these qualities? 

From experience, I would like to cite 
examples showing why the student must 
be able to grasp these new and unfamiliar 
situations and carry them through to a 
suecessful solution. I was in a position 
where I had to instruct some of the grad- 
uates of our engineering colleges. One 
fellow in particular enters my mind. He 
came to us from a school in the West and 
from his record he was an average or 
perhaps slightly above average student. 
He was assigned to assist in some brake 
tests on a particular airplane. The ex- 
planation of this type of test does not 
occur in the normal course work pursued 
in college, yet it involves some of the basic 
fundamentals of engineering or physics. 
This fellow was at a loss to know what 
todo. Each item of procedure and data 
reduction had to be thoroughly explained 
to him, not once, but in some cases, several 
times before he could grasp the signifi- 
cance of the problem or its solution. The 
situation got very strained in other in- 
stances and this fellow was very close to 
losing his job. As a result of his ap- 
parent lack of a good foundation, he was 
put on jobs where very little thinking 
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was required other than to follow instruc- 
tions. 

Another engineer, from a school equiva- 
lent in standing, came to work in our 
group a few months later. This fellow 
could be easily taught and was able to 
grasp situations of a similar nature as 
those mentioned above and think them 
out himself with satisfactory and sys- 
tematic results. This type engineer, well 
grounded in basic fundamentals, pro- 
gresses much faster and will, as a result, 
receive more detailed work and have more 
responsibility given to him. 

Industry is pleased when they receive 
the latter product because he reaches his 
productivity “break-even” point earlier 
and becomes an asset to the company 
rather than a liability. This is shown by 
advancements, increases in responsibility, 
and increases in the monetary compensa- 
tion which he receives. 


Concepts of Fundamentals 


First of all, the engineering colleges 
should teach fundamentals. What are 
fundamentals? Again defining, “funda- 
mentals are foundations or essentials: a 
principal law, or article which serves as 
groundwork of a system.” 

The following four points might help 
to visualize the concepts of fundamentals. 


1. A knowledge of physical theory 
equal to the feeling and knowledge 
of musicians for performance of a 
musical instrument. 

2. Ability to express conventionally 
such physical theory by words, dia- 
grams, and mathematics as may be 
desired by the individual or as re- 
quired by circumstances. 
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3. Ability to apply such theory in com- 
petition. 

4, Ability to move among people with 
a minimum of friction requiring 
training in convention and principles 
of sociology and of business and a 
suitable personality. 


Let us spend a few minutes considering 
each of these. 

A musician who is trained properly not 
only knows his instrument but also knows 
the fundamentals or essentials of the in- 
strument as well as the music he is play- 
ing. He can apply himself to his instru- 
ment and to the music he is presenting. 
The musician can also adapt himself to a 
piece of music that is of a slightly differ- 
ent tempo, rhythm, ete. An engineer 
should be so trained that he also knows 
the fundamentals or essentials of his 
chosen profession so that he can apply 
himself regardless of the situation that 
arises. The engineer so trained has the 
ground work to progress using these es- 
sentials and fundamentals. 

Secondly, the engineer should have these 
essentials so instilled in him that he can 
express a fundamental or an application 
of a fundamental that must be used under 
certain circumstances. These circum- 
stances can vary from day to day and 
many times during the day. One good 
example of these varying circumstances 
is in flight testing. An engineer must be 
able to conduct a satisfactory program 
to attain the data needed. At one period 
of the day he may be called on to conduct 
a certain test involving engine cooling, 
while later on in the day he may be re- 
quired to obtain stability and control data. 

Thirdly, all students once they leave 
college with their diplomas enter into a 
highly competitive field, where selling of 
themselves is very important to their ad- 
vancement. The graduates of our col- 
leges must be so founded that they can 
apply the theories, fundamentals and 
basic knowledge when under the pressure 
of competition. The engineer’s founda- 
tion ean be his downfall. If he is 
founded on formulas to use here and 
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there, he is soon lost in the sea of comp. 
tition which may completely engulf hin 
if he gives up. 

Finally, an engineer must, shall we say, 
“work in a laminar flow region,” such that 
he can be among people and move among 
these people with the least amount of frie. 
tion. To cite an example, I had to work 
with about five different groups of peo. 
ple of varying levels of intelligence, ability 
and environment. Management, engi- 
neering, CAA, and the shop as well a 
my immediate supervisors had to be dealt 
with and pleased in almost all instanegs, 
A person who rubs people the wrong way 
could start a wave of bad feeling whieh, 
of course, would end in making the jo 
much harder and the desired goals mor 
difficult to reach. In meetings, it is very 
easy to pick out the individuals who ea 
“get along” and those who are always 
stirring up agitation by side remarks or 
sarcastic statements. 

How can we as teachers instill thes 
fundamentals into our students so they 
have them available when necessary? | 
believe that we should mention here the 
three objectives that we should strive to 
achieve. These are: 1) develop under 
standing, 2) learn a skill, and 3) present 
facts. If the student is presented fund- 
mentals, his understanding of these esser- 
tials will deepen and be further instilled 
in him. With these essentials he then ca 
broaden not only his understanding bit 
also his skill in applying the fundamer 
tals to new and unfamiliar situations. I 
should be pointed out here that the stt- 
dent should realize what is behind thes 
essentials and why they are especially im- 
portant to him. This, I believe, can kt 
done by showing the students where thee 
fundamentals were derived, how they 
came about and the necessity for such! 
basie structure of fundamentals. 


General Applications 


Once the fundamentals are presented, 
general applications should be noted, both 
by the instructor and by the student 
Such fundamentals might be in the fom 
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of the general force equation of aero- 
pydro-dynamiecs. The students, by hav- 
ing their thinking stimulated, can cite 
samples of applications of this general 
quation in finding lift, drag, thrust, 
torque and the various other forces on 
a airfoil, body or propeller. Stereo- 
typed problems should not be presented 
too often because when the student starts 
jis work in industry and finds a problem 
that is not exactly like that shown in class, 
he is at a loss to realize how to proceed 
in its solution if he doesn’t have the 
goundwork of fundamentals. What are 
sereotyped problems? In my thinking, 
sereotyped problems would be those that 
refer to some specific formula that could 
be used in each ease with little thought 
required by the student. This produces 
astatic mind and not a dynamic one that 
nust think to solve the problem at hand. 
Work should be given to the student 
that causes him to think. Thought pro- 
voking problems should be presented and 
the student given adequate time to think 
them out using the tools, fundamentals 
and essentials at his fingertips. The 
thought patterns of the student will be 
developed to a great extent by this pro- 
cedure. I do not believe that a problem 
such as this given one day should be an- 
swered or worked out by the instructor 
the next time the class meets. Rather, 
if the student dosen’t have the problem, 
indieate hints which will help him to 
study the problem further to its ultimate 
solution and cause more thought on his 
part, Another point can be noted here 
in the use of our textbooks. It will de- 
velop our students’ thought processes, if 
the instructor will ask them to explain the 
progression from, say, one equation to 
the other. If the student is stimulated by 
this type of procedure, he will, perhaps, 
want to know the “why” himself and be- 
gm to search, thereby developing himself 
further. I realize that it is difficult to 
stimulate the entire class in this manner, 
but if we can develop a deep interést and 
stress fundamentals, our students will 
pethaps begin to approach this end. 
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Students Should Not Be Spoon Fed 


We should not spoon feed students! 
We should not present formulas and say, 
“this, this and this are true so all you 
have to do is substitute and you have the 
correct answer.” This contradicts the 
previous paragraphs and the student be- 
comes an automaton and essentially a 
calculating machine. Any untrained per- 
son could accomplish such an action. 

Here again, let us point out our first 
example at the start of this paper. This 
fellow was no doubt of this variety since 
he could not apply himself because he was 
definitely lacking in the basic fundamen- 
tals. This also recalls a story or definition 
of a lecture, “The transfer of informa- 
tion from the instructors note book to the 
students notebook without passing through 
the mind of either.” Let us put a block 
there so that the material of the lecture 
will pass through our students’ minds and 
develop them and, if necessary, through 
our minds as well. 

I realize that to accomplish the points 
set forth in this paper will cause in some 
cases more work on the part of the in- 
structor, but, if the end result is a higher 
caliber product, that is our goal and is 
well worth the extra energy expended. 

As a summary to this paper I would 
like to quote a portion of the Report of 
the Committee on Aims and Scope of 
Engineering Curricula in 1952 which con- 
tains the following specific objectives for 
the scientific technological stem : 

1) Mastery of the fundamental scien- 
tific principles and a command of basic 
knowledge underlying the branch of en- 
gineering which the student is pursuing. 
This implies: 

a) Grasp of the meaning of physical 
and mathematical laws, and knowl- 
edge of how they were evolved and 
of the limitations in their use; and 

b) Knowledge of materials, machines, 
and structures. 

2) Thorough understanding of the en- 

gineering method and elementary com- 
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petence in application. This requires: 
a) Comprehension of the interesting 
elements in situations which are to 
be analyzed; 
b) Ability to think straight in the ap- 
plication of fundamental principles 
to new problems; 


In the News 


Russian has been translated into Eng- 
lish by an electronic “brain” for the first 
time. Brief statements about politics, 
law, mathematics, chemistry, metallurgy, 
communications and military affairs were 
submitted in Russian by linguists of the 
Georgetown University Institute of Lan- 
guages and Linguistics to the famous 
701 computer of the International Busi- 
ness Machines Corporation. And the 
giant computer, within a few seconds, 
turned the sentences into easily readable 
English. 

A girl who didn’t understand a word of 
the language of the Soviets punched out 
the Russian messages on IBM ecards. The 
“brain” dashed off its English transla- 
tions on an automatic printer at the 
breakneck speed of two and a half lines 
per second. “Mi pyeryedayem mislyi 
posryedstvom ryechyi,” the girl punched. 
And the 701 responded: “We transmit 
thoughts by means of speech.” 

More than sixty Russian sentences were 
given to the “brain” altogether. All were 
translated smoothly in a demonstration 
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e) Reasonable skill in making ap 
proximations, and in choosing th 
type of approach in the light fo 
solution—in sum, a foundation fo 
engineering judgment; 

d) Resourcefulness and originality jp 
devising means to an end. 


performed jointly by Georgetown and 
IBM as a phase of IBM’s endowed r- 
search in computation. 

A handful of men had been individually 
engaged in research at various institutions 
for almost a decade to make a machine 
convert the meaning of words clearly 
from one language to another. No prac 
tical results were achieved until George 
town a year and a half ago enlisted th 
aid of the most versatile electronic “brain’ 
extant, the IBM 701. 

This amazing instrument was. inte- 
rupted in its 16-hour-a-day schedule 
solving problems in nuclear physié, 
rocket trajectories, weather forecasting 
and other mathematical wizardry. Ib 
attention was turned at brief interval 
from these lightninglike numerical «dl 
culations to the altogether different cor 
sideration of logic in an entirely new ani 
strange realm for giant electronic dats 
processing machines: the study of huma 
behavior—specifically, the human use @ 
words. The result was an unqualified 
success. 
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Drawing Division Looks at Future 
Engineering Education 


By DEAN JASPER J. GERARDI, University of Detroit ; 
PROFESSOR F. A. HEACOCK, Princeton University ; 
PROFESSOR JOHN T. RULE, Massachusetts Institute of Technology; and 
PROFESSOR W. E. STREET, Agricultural and Mechanical College of Texas, Chairman 


Drawing is the universal method of re- 
wording and communicating certain types 
of information in the engineering pro- 
fession. Therefore, before an idea takes 
form or a structure or a machine is built, 
nuch informational data must be de- 
veloped and represented graphically. In 
years past instruction in drawing placed 
great emphasis on technique and artistic 
appearance, and included some training in 
methods of projection in all four quad- 
rants. Most drawings were inked and 
much time was spent on well executed 
lettering. Today drawings are quickly 
made and well adapted to modern produc- 
tio methods. Drawing courses are im- 
proved, keeping pace with the rapid ad- 
vances in science, industry, and tech- 
nology. Our industrial success is due in 
large measure to efficient planning on 
the drawing board. The more complex 
the production problem, the more urgent 
is the need for effective drawings to show 
the workman exactly what is required. 
As future progress will depend more than 
ever upon better working drawings, the 
drawing teacher today accepts the respon- 
sbility of giving engineering students 
the right kind of drawing instruction, so 
that the engineer of tomorrow will have 
the best working knowledge and drafting 
ability to plan future developments. 


Analytical Tool 


Nor is it out of place here to state that 
drawing in all its forms is a foremost in- 
strument in sharpening and deepening the 
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powers of perception which features ex- 
panded treatment of the theory of draw- 
ing as an analytical tool. Strong em- 
phasis on development of the student’s 
geometrical and spatial ability, to equal 
his training in equational representation 
of physical bodies is needed, so that he 
can interpret shape and position descrip- 
tions to those who must construct them. 
“For working out the shape of objects, 
visualizing natural phenomena or setting 
up a basis for calculations, graphics is 
simple and self-checking. For these pur- 
poses, it has no competition and none ap- 
pears in prospect.”—A. F. Puchstein, 
Consulting Engineer, The Jeffrey Manu- 
facturing Company, Columbus, Ohio. 

It is true that many engineers today 
in responsible positions have draftsmen 
to make their working drawings from 
sketches. However, an engineer cannot 
supervise draftsmen until he becomes 
proficient in reading and making draw- 
ings. Just as the engineer is responsible 
for the proper functioning of machines 
and machine elements, he is equally re- 
sponsible for drawings showing their de- 
sign, for the selection of correct dimen- 
sions, for the proper choice of materials, 
and many other things which a draftsman 
has insufficient background training to 
determine. He must, therefore, acquire 
the ability to solve new problems in un- 
usual situations, to think creatively, to 
continue to learn, to remain mentally 
vigorous, and exercise sound judgment in 
finding the best answer without loss of 
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valuable drafting time. In modern in- 
dustry drawings are considered legal 
documents, or the basis of contracts, and 
they must not be misinterpreted. 


Modern Reproduction Methods 


A large part of engineering costs on 
any project are involved in making and 
reproducing drawings. Modern repro- 
duction methods are now being reflected 
in drafting room procedures. Ink work 
has been replaced almost entirely by pen- 
cil drawings. Freehand sketching is being 
increasingly emphasized. Stress is placed 
on the development of an engineering 
vocabulary. Construction of charts and 
diagrams and the principles of limit di- 
mensioning have been introduced. Since 
dimensioning is associated with shop proc- 
esses and time for shop courses has been 
curtailed, it is necessary to emphasize 
what a machine can do and what its limi- 
tations are in order to give proper draw- 
ing specifications. In descriptive geome- 
try the draftsman’s method of analyzing 
and solving problems by the auxiliary 
plane method has resulted in students 
acquiring greater confidence and compe- 
tence in the use of this science. 

Graphics includes in its field all the 
fundamentals of graphical representa- 
tion, and of geometrical and graphical 
analysis. Conventionally, it is covered in 
most colleges by courses in engineering 
drawing and descriptive geometry. These 
courses generally cover graphical proc- 
esses of solving physical problems, funda- 
mentals of form and design, as well as 
exact delineation of space objects for 
recording ideas. Engineering drawing is 
a subject of high utilitarian value. It is 
a technique in commercial demand and 
work on the drawing board is frequently 
the doorway to promotion. Moreover, 
for more than 50 per cent of the entering 
students who do not complete their work 
in engineering, it is a professional course 
that offers an opportunity to enter the 
field of technical employment. 

Engineering educators recognize spatial 


visualizing ability as one of the prime 
requisites of a good engineer. Recent re. 
search by R. R. Worsencroft of the Uni- 
versity of Wisconsin and Mary Blade of 
the Cooper Union indicates that present 
courses in engineering drawing and de- 
seriptive geometry develop this trait in 
engineering students to a very significant 
degree over other students, and that fol- 
lowing these courses, further development 
is comparatively slight. This confirms the 
intellectual value of training in drawing 
to conceive and create solutions to highly 
theoretical problems. Drawing  intro- 
duces the obligation of conforming to 
standards basically necessary to all engi- 
neering practice. It trains to notice sub- 
tle differences in quality. It promotes an 
understanding of form and design, of the 
feel for various materials and their possi- 
bilities. It provides fundamental train- 


ing for developing creative ability and 


sound engineering judgment. 


Industrial Problems 


Careful consideration should be given 
to the graphical solution of industrial 
problems, and sufficient time provided for 
adequate drawing courses in the various 
engineering curricula. Graphical con- 
putation courses including such topies as 
empirical equations from laboratory data, 
graphical differentiation and integration, 
and nomography offer a fertile field for 
applying graphical methods in funda- 
mental courses such as mathematics, 
physics, and mechanics. Further, there 
is a need of drawing courses to bridge the 
gap of one or more years from drawing 
to design to provide essential information 
and give a better carry-over and contin- 
ity. Engineering graphics has broader 
educational functions than developing 
ability to represent objects by ortho 
graphic drawings and to solve space prob- 
lems by descriptive geometry methods 
For graphics is a comprehensive term, it- 
eluding not only engineering drawing and 
descriptive geometry, but also the ad- 
vanced courses of kinematics and graphie 
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statics and other similar courses in the 
yarious technological curricula. 

It is recommended that drawing teach- 
ers be given greater opportunity to par- 
ticipate in or supervise programs which 
rely on graphics for solution in engineer- 
ing and scientific research or development. 
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The value of such research is demon- 
strated by recent projects applying draw- 
ing and descriptive geometry in the treat- 
ment of cancer by H. W. Vreeland at 
Columbia University and in the design of 
artificial limbs by A. S. Levens at the Uni- 
versity of California. 


In the News 


A fund of $238,500 for grants to uni- 
versities and colleges to advance the teach- 
ing of science has been announced by the 
Du Pont Company. This distinctly new 
part of the company’s program of aid to 
education is the result of an experimental 
plan announced last year. 

The company has now made advance- 
ment of teaching the largest single part 
of its aid-to-education program, which 
for many years has also provided grants 
for fundamental research and postgradu- 
ate fellowships. Under the whole pro- 
gram it has authorized a total of more 
than $700,000 for the 1954-1955 academic 
year as compared with $600,000 for the 
present year. In the longer standing 
plans in the program, the company is 
granting $230,000 for fundamental re- 
search and $222,000 for postgraduate fel- 
lowships in science and engineering. 


The Sectional Meeting of the World 
Power Conference will take place in Rio 
de Janeiro, July 25 to August 10. The 
U. 8S. National Committee for the World 
Power Conference is working with the 
Department of State in organizing the 
U. 8. delegation. 

The Interamerican Association of 
Sanitary Engineers has selected Sao 
Paulo for their meeting. It will take 
place July 25 to 31. The U. S. delegation 
is in the process of being formed. 

The Third Convention of the Pan- 
American Federation of Engineering So- 
cieties (UPADI) will also meet in Sao 
Paulo, August 2 to 12. This meeting will 
attract engineers of all societies from 
Latin America, Canada and the United 
States. Engineers Joint Council is cur- 
rently selecting the U. S. delegates and 
alternates. 
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Teachin g Tips 


The Mechanical Engineering Depart- 
ment at Michigan State College endeavors 
to “Integrate the work of several courses, 
and to make the work in these courses 
meaningful and practical by designing 
and manufacturing small air compressors 
on a production basis.” The project was 
initiated by Dean Miller while he was 
head of the Mechanical Engineering De- 
partment as a cooperative project of the 
design course, pattern shop, foundry, 
machine shop, and industrial engineering 
class. It was intended that the students 
should become intimately acquainted with 
production tools, their operation and 
limitations, although it was realized that 
great skill in these fields could not be 
achieved. 

The compressor was designed by the 
students in the advanced design classes 
during the Spring term of 1947. The 
following Fall the pattern shop and the 
foundry cooperated in producing first 
metal patterns for the cast iron parts, 
and later the iron castings for the com- 
pressor. A number of jigs and fixtures 


had to be built for the machining of the 
various parts, including a jig for weld- 
ing the connecting rods which are made 
of pieces of standard water pipe. All 
the parts are produced in this depart- 
ment with the exception of the piston 
rings and bearings which are purchased. 
The east iron parts include the flywheel, 
cylinder, and an alloy iron crank shaft. 
The piston is an aluminum alloy casting 
made in a permanent mold. The valves 
are made of thin stainless steel, and the 
pressure relief valve of brass. 

The machining operations are conducted 
in the machine shop on a production basis 
with each part having its own group of 
tools, doing predetermined operations on 
it. Sophomore students act as the ma- 
chine tool operators, juniors as foremen 
and set-up men, and seniors act in time 
study, motion study, and other industrial 
engineering positions. Students who have 
helped in the production of the air com- 
pressors are allowed to buy one each if 
they wish at the cost of the materials. 
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Future Trends in Technical Institute Education* 


By DR. HAROLD P. RODES 


President, Ohio Mechanics Institute 


Whenever a person becomes sufficiently 
foolhardy to predict future developments 
in any area of human activity, it is ap- 
parent that his forecast must be an ex- 
trapolation of his past experiences. In 
this ease, the author’s work experience 
has included Industry as well as Liberal 
Arts, Engineering, and Technical Insti- 
tute education. The predictions which 
follow are, therefore, based upon varying 
amounts and types of experience in these 
fields : 

1. It is anticipated that student enroll- 
ment in college curricula of technical in- 
stitute type will increase. In addition 
to the obvious reasons, such as larger high 
school graduating classes and a greater 
percentage of high school graduates con- 
tinuing with further education, it is an- 
ticipated that many returning service men 
will find a two-year collegiate program 
attractive because it will enable them to 
find full-time technical employment and 
to establish a normal family life as quickly 
as possible. More important, however, 
from the standpoint of increasing tech- 
nical institute enrollment is the expanding 
need of industry for training of technical 
institute type. This involves the addition 
of curricula in Chemistry, Electronics 
(particularly Television), Technical Illus- 
tration, Industrial Supervision, and Con- 
struction in technical institutes which are 
not already offering programs in these 
fields. 


Transfer Policies 


2. The Iron Curtain which has existed 
between some professional engineering 


*Presented at ASEE Annual -Meeting, 
University of Florida, June 23, 1953. 


schools and some technical institutes will 
be gradually removed, so as to facilitate 
appropriate enrollment and transfer in 
both directions. You are well aware of 
the fact that the American Society for 
Engineering Education and the Engineers 
Council for Professional Development 
have taken the lead in developing a close 
working relationship between the differ- 
ent types of institutions of higher learn- 
ing which are offering education related 
to engineering. We are entering a period 
when these basic policies of transfer which 
have been agreed upon among the higher 
echelon of education should be carried 
out at the level of the person who is most 
concerned about it, namely the transfer 
student himself. 

By way of illustration, we have been 
extremely fortunate in Cincinnati to have 
developed a pattern for such a transfer 
relationship between the College of Engi- 
neering at the University of Cincinnati 
and the Ohio Mechanics Institute. AlI- 
though the objectives and, therefore, the 
content of a technical institute curriculum 
differ from those of a four- or five-year 
engineering curriculum, there are certain 
similarities which should be recognized in 
a realistic transfer arrangement. On the 
basis of a conference between department 
heads of the University and of O.M.L., it 
was determined that certain courses in 
chemistry, mechanics, mathematics, engi- 
neering drawing, and English were suf- 
ficiently similar to justify transfer in 
either direction. It is now possible for 
qualified graduates of the two-year tech- 
nical institute curricula at O.M.I. to re- 
ceive approximately one year of transfer 
credit at several four and five-year engi- 
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neering schools. It is likewise possible 
for an engineering student completing 
two years of study in a four or five-year 
engineering school to receive approxi- 
mately one year of transfer credit at the 
Ohio Mechanics Institute. It should be 
emphasized that transfer is a minor fune- 
tion of a technical institute and that we 
are discussing only a very small per- 
centage of those young men who complete 
a two-year technical institute program 
aimed at immediate employment in indus- 
try. Nevertheless, we are just as proud 
of the fact that one of our graduates is 
on the “Dean’s List” at the University of 
Cincinnati as we are proud of the fact 
that a boy who completed two years of 
electrical engineering at Purdue is on the 
“Honor Roll” in the second year of our 
two-year Electrical Engineering Tech- 
nology curriculum. Although the num- 
ber of transfer students will not and 
should not increase markedly, I believe 
that many more professional engineering 
schools and technical institutes should 
make it possible for such transfer to take 
place without either penalizing the stu- 
dent to the extent of compelling him to 
repeat subject matter unnecessarily, nor 
on the other hand expecting him to handle 
the work of the third year in engineering 
when his two years of technical institute 
training has not aimed in that direction. 
In general, the pattern will probably de- 
velop into one of approximately one year 
of transfer credit for two years of either 
technical institute or professional engi- 
neering study. 


Greater Recognition 


3. We can definitely look forward to 
greater recognition of the place and im- 
portance of technical institute education 
by Industry from the foreman to the chief 
engineer, by Education from the elemen- 
tary school teacher to the university presi- 
dent, and by Parents from Mom to Pop. 

The current technical manpower short- 
age has stimulated Industry to analyze 
the actual requirements for many tech- 
nical positions. A number of companies 
found that they were employing profes- 


sional engineering graduates in positions 
for which technical institute training 
would be more appropriate and, there. 
fore, more satisfying. Several companies 
have inaugurated special orientation pro- 
grams for new employees who have been 
educated in two-year technical college cur- 
ricula. I believe that this trend will con- 
tinue to the advantage of both American 
industry and the engineering profession, 

Many counselors and educators, eon- 
fronted with statistics which indicate that 
almost half of our high school graduates 
can profit from some further training at 
the college level, are beginning to look 
more and more to those institutions of 
higher learning which offer a two-year 
program in preparation for responsible 
employment in business and _ industry. 
As the high school graduating classes be- 
come larger and larger, this trend will 
undoubtedly accelerate. 

Mother and Father will always want 
Junior to go as far in the World as he 
possibly can. The social prestige of a 
college education cannot be denied in this 
day and age. However, as the two-year 
college graduate with his Associate’s De- 
gree finds his rightful place in American 
industry, Junior will have both the stani- 
ing and the income which will make Mom 
and Pop proud of him. 

4. The very nature of a technical insti- 
tute curriculum requires that it be con- 
stantly in close accord with the practices 
of the particular industry which it is 
serving. One of the best means of ac 
complishing this is through the coopera- 
tive plan of education whereby students 
have an opportunity to relate the instruc 
tion which they are receiving in the class- 
room and laboratory to actual working 
conditions on a cooperative job in i 
dustry. Therefore, despite the adminis 
trative headaches occasionally involved in 
a cooperative education program, I be 
lieve that both the “co-op” technical i- 
stitutes and the cooperating companies 
have found such a plan sufficiently satis 
fying to advocate its adoption by other 
colleges in other communities. This cal- 
not be accomplished overnight by indus 
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trialists and faculty members who are un- 
acquainted with the “co-op plan,” but I 
feel confident that this system will re- 
ceive wider adoption throughout the 
nation. 

5. The technical institutes are not en- 
tirely unaware of the emphasis which is 
being placed upon general education in 
contrast to specialized education. If it 
is difficult to find room for additional 
general education in a four or five-year 
engineering curriculum, it is even more 
difficult to find room in a streamlined two- 
year curriculum. I predict therefore that, 
with the exception of certain courses in 
English and Psychology, the technical 
institute curriculum will achieve most 
of the objectives of general education 
through the teaching techniques employed 
in its technical courses as well as through 
good counseling and extra-curricular ac- 
tivities. 

Employment Problems 


6. The current shortage of technically 
trained manpower has created certain em- 
ployment problems in education just as 
it has in industry. This is particularly 
true of the field of technical institute edu- 
cation which is necessarily dependent upon 
a corps of instructors who are not only 
competent and enthusiastic teachers but 
who also possess considerable industrial 
experience. It is extremely difficult in 
these times for a technical institute to 
attract to its faculty an outstanding in- 
dustrial man who is in his thirties, forties 
or fifties and near or at his peak from 
the standpoint of income. Therefore, I 
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believe that for the next few years our 
technical institutes will draw their faculty 
members from three different groups in 
order to maintain the high quality of in- 
structional competence and industrial ex- 
perience which must be represented on a 
technical institute staff. Although out- 
standing industrial men in their thirties, 
forties and fifties may not be available on 
a full-time basis, those who are genuinely 
interested in teaching but cannot afford 
the financial sacrifice may be employed 
on a part-time basis. Secondly, there are 
a number of good engineers and prospec- 
tive teachers reaching age sixty-five who 
can now afford to teach because in most 
eases their children are self-supporting 
and they have only themselves and their 
wives to support. Our Institution re- 
cently added a truly “master” teacher 
from this category. 

In order to balance the maturity of 
these two categories, there are still some 
young men in their twenties, fresh out of 
college with little industrial experience, 
who have a burning desire to teach and 
ean, therefore, provide considerable as- 
sistance in the laboratories and gain some 
teaching experience in the basic sciences 
and mathematics. 

These are the future trends in technical 
institute education as I see them. Like 
all predictions they are subject to the 
whims of the future, particularly the in- 
ternational scene and the business cycle. 
Nevertheless, I believe that these six 
trends hold the significant clues to the 
future development of technical institute 
education in the United States. 


Modern Engineering Physics from the 
Viewpoint of an Administrator * 


By J. P. ABBOTT 


Dean of the College, Agricultural and Mechanical College of Texas 


Anyone who is asked to represent a 
viewpoint should, it seems to me, first 
make clear the point from which he pro- 
poses to do the viewing. If it does noth- 
ing else, this should reduce one of the 
hazards of discussion—the tendency on 
the part of all of us to proceed from what 
Justice Holmes called an “inarticulate 
major premise.” Before looking at mod- 
ern engineering physics, then, I ask you 
to consider with me the purpose of edu- 
cation. If this seems to you going around 
Robin Hood’s barn to get to the subject, 
I can only plead that physics as a science 
and engineering as a profession are too 
important to the welfare of mankind to 
be considered solely, or even chiefly, from 
the point of view of the department of 

physies or the school of engineering. 

_ For me the purpose of education— 
whether that of an engineer, a scientist, 
a business man, or any other—was never 
better defined than by John Milton in the 
Tractate on Education. “TI call therefore 
a complete and generous education,” Mil- 
ton said in words familiar to you all, “that 
which fits a man to perform justly, skil- 
fully and magnanimously all the offices 
both private and public, of peace and 
war.” 

In this conception of education, I be- 
lieve, educators of all persuasions can 
meet on common ground. It is rigorously 
practical; in effect it says that education 
should prepare a man to do whatever he 


* Presented at the Annual Meeting of 
ASEE, Physics Section, University of 
Florida, June 26, 1953, when the author was 
Dean of the School of Arts and Sciences. 


will be called on to do. It is at the same 
time liberal; it specifies that education 
shall prepare a man to do what he is 
called on to do in a manner in keeping 
with the most generous development of 
his powers. 

There is a special appropriateness in 
reminding ourselves of Milton’s definition 
whenever scientists and engineers meet 
to discuss problems of education. This 
definition was a sort of bench mark for 
those who helped draft the Morrill Act 
of 1862, and that Land-Grant Act was the 
motivating force behind the development 
of higher education as we know it today 
in our universities and technological col- 
leges. The language of the Act itself 
specifically coupled “liberal and_ prac 
tical” in describing the kind of education 
that was to be fostered. As you knov, 
the American Society for Engineering 
Education has consistently striven to pre- 
serve the marriage. 


Major Premise 


From this introductory analysis it is 
easy to move to my major premise as re 
gards physics and the engineer. The et- 
gineering student, I submit, should be 
provided with such a knowledge of physics 
as he will need to do whatever he is called 
upon to do. (For the time being I omit 
any consideration of the manner of the 
doing, although I shall return to it.) | 
have encountered no one who is willing 
to take serious issue with this premise. 
Unfortunately, however, acceptance of the 
premise does not mean agreement on 4 
program of action. Indeed, the same 
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premise is used to support the most widely 
divergent conclusions. 

As I see it, much of the trouble derives 
from the fact that there is not yet a gen- 
eral agreement as to what the engineer 
will be called upon to do. After careful 
study, I am forced to conclude that engi- 
neer itself is an ambiguous term. It 
covers many distinct activities, each with 
a different set of offices to be performed. 
At one end of the scale there is the tech- 
nician. At the other end there is the en- 
gineer-statesman. And in between there 
are designers, researchers, managers, con- 
structors, and salesmen. What will best 
fit a man to perform as a designer will 
not necessarily best fit him to perform as 
a manager. A further complicating fac- 
tor is that the same individual, at suc- 
eessive stages in his career, may be asked 
to fill the offices of a technician, a designer, 
a salesman, a manager, and a statesman. 

That these facts have implications for 
engineering education is apparent to some 
members of this society. Mr. L. E. 
Grinter, in his “Questions Concerning the 
Engineering Curriculum” (JEE, January 
1952), made them explicit. “The question 
to be raised,” he said, “is whether we can 
provide the flexibility within individual 
curricula to take care of the diverse inter- 
ests of designers, researchers, managers, 
constructors, salesmen and statesmen.” 

Physics and the other sciences are in- 
volved in this question. Flexibility may 
not be demanded of all engineering grad- 
uates. As Mr. Gordon S. Brown, Pro- 
fessor of Electrical Engineering at the 
Massachusetts Institute of Technology, 
put it, “Many [engineers] will be con- 
cerned wholly with bread and butter, or 
cookbook engineering rather than the ad- 
vancement of technology. A sound edu- 
cation in the sciences is an unnecessary if 
not an indigestible luxury for a cookbook 
engineer . . .” (JEE, December 1952). 

Some engineering faculty members enter 
a demurrer at this point. According to 
them, the analysis I have just outlined 
stems from an archaic conception of engi- 
neering education and simply perpetuates 
the discredited notion that the under- 


graduate curricula represent narrow job 
specialization. They say, further, that 
what is actually taught in the several 
curricula is fundamental and adds up to 
little more than the minimum knowledge 
necessary for any activity an engineer 
may have to undertake, whether it be 
design, research, construction, sales, man- 
agement, or statesmanship. 


Diversity of Careers 


I acknowledge the demurrer and my 
own limitations as a judge. But it seems 
to me that the weight of the testimony 
from engineering faculties is as I have 
indicated. And if I am right, the prob- 
lem of making our course offerings fit 
a diversity of careers must be faced, 
rather sooner than later. Perhaps, as 
more and more educators are suggesting, 
Professor Brown’s bread and butter engi- 
neer should receive his education in a 
technical institute, with courses in physies, 
for example, tailored to his probable 
future needs as the user of engineering 
cookbooks. But a prior step, I suspect, 
requires the removal of any onus from 
this phase of engineering. The cookbook 
engineer is a valuable member of society, 
and should be so recognized. As a mat- 
ter of fact, at least one director of in- 
dustrial research has told me that the 
technician often makes a better member 
of a research “team” than does the pro- 
fessional engineer or scientist asked to 
serve under one of his fellows. 

Leaving the technician aside, it may be 
that in the long run curriculum makers 
will decide to redesign engineering cur- 
ricula to prepare for the functions enu- 
merated by Grinter, rather than accord- 
ing to the traditional categories of me- 
chanical engineering, civil engineering, 
and so on. Or, perhaps, a curriculum re- 
vision will take the direction of assigning 
special emphasis at certain institutions 
to the managerial phases of engineering, 
or to the research phases, or to the sales- 
manship phases. All these are possible, 
and each would modify a college adminis- 
trator’s viewpoint concerning engineering 
physics at his institution. 


| 
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But there is another possibility which 
seems to me more promising. It stems 
from a growing recognition that in their 
more professional phases all the accepted 
divisions of engineering are moving closer 
to each other and to the basic sciences. 
Any reader of the Journal of Engineering 
Education is aware of the reiterated argu- 
ment, in which men of diverse professional 
interests echo each other, for more basic 
science in the engineering curricula. One 
of the most persuasive spokesman is, as 
you know, Mr. S. C. Hollister, Dean of 
Engineering at Cornell University. 

In an article entitled “Looking Ahead 
in Engineering Education” Dean Hollister 
said this: “It is clear that we cannot 
delineate sharply the various techniques 
that will be in use twenty-five years or 
fifty years from now; but it is certain 
that the principles on which these tech- 
nical developments will be based are prin- 
ciples which are now available in the 
basic sciences. Our problem, then, is to 
strengthen the basic science content of 
our curricula” (JEE, December 1952). 

Dean Hollister, like Milton, is con- 
cerned with fitting the engineer to per- 
form offices not currently contemplated 
but almost certain to be thrust upon him. 
He has support from another source with 
an argument of more immediately prac- 
tical impact. It comes from industry, 
where most engineers will be called on to 
fill whatever offices their lives will exact 
of them. Two quotations will document 
my point. 

In the first Mr. Robert C. Sprague, 
President of the Sprague Electric Com- 
pany, put it this way: “As an employer 
of more than 100 graduate engineers, I 
am among those who hold that the educa- 
tion of tomorrow’s engineer should stress 
the basic sciences, even if this ean only be 
done at the expense of applied engineer- 
ing subjects.” Mr. Sprague’s reason is 
also, I submit, in keeping with the gen- 
eral principle I borrowed from Milton. 
“From my own observation,” he goes on 
to say, “I find dramatic evidence that the 
man with the strongest basic training has 
the greatest adaptability. Because the 
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basic sciences can be applied to different 
problems in many branches; or to a single 
problem which may extend into over. 
lapping branches. In the rapidly chang. 
ing technological industries such a man 
enjoys a tremendous advantage” (JER, 
April 1953). 


Fundamental Courses 


The second quotation, similar in in- 
port, answers the strongest objection I 
have encountered to the increase of en- 
phasis upon the basic sciences. It is 
from an article unequivocally entitled 
“The Modern Engineer Should Be Edn- 
eated as a Scientist” (JEE, December 
1952). The article is by Mr. Hany 
K. Ibrig, Vice-President in Charge of 
Research, Allis-Chalmers Manufacturing 
Company. In Mr. Ibrig’s words, “It is 
often said that fundamental courses are 
all right for large companies that have 
training programs, but that small con- 
panies require engineers trained in spe- 
cialties so that they can start work at 
once. One of the members of [A Uni- 
versity Cooperating Committee of the 
Wisconsin Society of Professional Engi- 
neers| is a mechanical engineer who owns 
a small company manufacturing mechani- 
eal equipment. He believes that a broad 
fundamental training is very important 
in a small company where the engineer 
have to be versatile because the con- 
pany cannot afford an engineer for each 
specialty.” 

It is clear to you by this time that my 
own idea of a generous education for the 
engineer is one that stresses the basit 
sciences, among which physics with it 
sibling mathematics is perhaps the mos 
prominent. And my reason is that th 
emphasis upon basic science seems to it 
more likely than any other to fit an eng: 
neer to perform at least skillfully if n0 
also justly and magnanimously the pril- 
cipal offices he will be called upon to fill 

I am, naturally, not alone in this beliel 
Indeed I would be reluctant to advane 
it so boldly if others had not also arrivel 
at the same conclusion. There is a clew 
acknowledgment that physics deserves ! 
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larger place in engineering education in 
the “Report of the Committee on Ade- 
quacy and Standards of Engineering Edu- 
cation” of the ASEE (JEE, January 
1952). As the report says, “The time 
requirement in physics has remained 
nearly constant in most curricula since 
about 1885. Generally the classical ap- 
proach to physies instruction has been fol- 
lowed... the approach from the point of 
view of atomic and molecular structure 
is needed but wanting.” 

What the time requirement should be 
I am not prepared to say. The Wis- 
consin Committee referred to by Mr. 
Ibrig has said that it is “very desirable 
from an industrial standpoint” to set the 
requirement at 33 hours in a total pro- 
gram of 144 hours. Since this is pre- 
cisely the requirement set for all engi- 
neering subjects, I take it that this 
represents an extreme position and one 
not likely to be adopted by engineering 
schools in the foreseeable future. 

My friends in the physics faculty of 
my own institution are more moderate. 
They believe that a time requirement of 
approximately 16 semester hours may be 
enough. In this time, they say, an engi- 
neering student can be led to understand 
the fundamental concepts of classical 
physies—dynamies, wave motion, heat, 
sound, light, and electricity, and can also 
be led to understand the extension of these 
concepts into the realm of atomic and 
nuclear phenomena. They are convinced 
that with this conceptual foundation the 
student ean, if he will, carry his own 
education forward in whatever area of 
physical effects his duties may place him. 

But at this stage of the discussion con- 
cerning the engineering curricula, it is 
probably premature to talk of semester 
hours. A more fundamental question 
needs to be answered first. Mr. W. S. 
Evans, Professor of Civil Engineering at 
the University of Maine, asks it in the 
April issue of the Journal of Engineering 
Education: “Are We Ready to Consider 
a Major Change of Policy?” 
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Curriculum Hours Limited © 


His own answer is that “we should hold 
the four year curriculum for those things 
which ean best be taught in an institution 
of higher learning.” This answer as- 
sumes, of course, that we will reject the 
possibility of extending the engineering 
program to five or more years. From 
my own observation I am convinced that 
in the majority of institutions the four- 
year pattern will continue to prevail. I 
do not know whether our schools of engi- 
neering are ready for Professor Evans’ 
major change of policy. Since it will 
entail a complete revision of hallowed 
curricula and since I have great respect 
for the laws of inertia, I am inclined to 
think that any change will come slowly 
and in piecemeal modifications of existing 
course offerings. Professor Brown, whom 
I quoted earlier in this paper, recognizes 
that a knowledge of atomic physics and 
physies of the solid state is important to 
modern engineers. “But,” he adds im- 
mediately, “the curriculum hours for 
teaching physics are limited.” 

Even with a fairly extensive revision of 
engineering curricula, increases in the 
amount of physics required of engineer- 
ing students will almost certainly have to 
be accommodated to limitations of cur- 
riculum hours. Professor Brown sug- 
gests that a possible solution may be to 
turn over the teaching of much of the 
classical physics to engineering depart- 
ments, where it will become an integrated 
part of engineering. This would leave 
the department of physics room to intro- 
duce a solid body of work in modern 
physics. The suggestion is certainly worth 
considering. The consideration, however, 
should be by both the physies and the 
engineering faculties, and they should be 
cautious of stopping short before they 
reach a consensus. 

If the parenthesis is needed, let me 
say that I am not implying that depart- 
ments of physics should necessarily be 
assigned more of the engineering stu- 
dent’s time, but only that the conceptual 
bases of physies should be given a larger 


446 MODERN ENGINEERING PHYSICS 


place in his education. It may be true, 
as I am assured, that engineering courses 
are for the most part simply applications 
of physics and fundamental in nature. I 
am willing to accept the assertion that 
it is difficult to segregate physics and 
engineering, and to grant that it is special 
pleading to argue that the physics in a 
physics course is a basic science but the 
physies in an engineering course is not. 
But I do believe very firmly that physics, 
wherever taught, loses value for the stu- 
dent if its applications are permitted to 
obseure its concepts. And that is why 
I would have the physics and engineer- 
ing faculties mutually agree upon a di- 
vision of labors. 

With this observation I reach a transi- 
tion point in my survey. I have declared 
my conviction as a college administrator 
that engineering students, if we exclude 
those who aim at being hewers of engi- 
neering wood and drawers of engineering 
water, should be provided with a solid 
foundation in the basie sciences, among 
which I assigned a prominent place to 
physics, including the physics of atomic 
and nuclear phenomena. I based my case 
on the argument that such a foundation 
is the best assurance that the engineering 
graduate will be prepared to perform 
skillfully whatever duties he is assigned 
as a professional engineer. It remains 
for me to consider engineering physics in 
terms of Milton’s other adverbs—justly 
and magnanimously. 


Specialized Technical Competence 


It may well be false to say that the 
engineer concentrates on developing spe- 
cialized technical competence at the ex- 
pense of all other considerations. But 
to the extent that it is true in any stu- 
dent’s case, he has denied himself a gen- 
erous education. “Born a man, died a 
chemical engineer,” is a tragic epitaph, 
but no more tragic than “Born a man, 
died a physicist,” or for that matter no 
more tragic than “Born a man, died a 
college dean.” Even a moderate amount 
of specialization makes us subject to a 
common hazard of the times. Matthew 


Arnold described it in Culture and An- 
archy when he said, “Faith in machinery 
is our besetting danger.” We tend to 
put our faith in the machinery which we 
have seen operate successfully in our own 
areas of competence. And by extension 
of this understandable attitude, we tend 
further to put our faith in machinery 
itself. It may be the atom bomb; it may 
be a loyalty oath; it may be statistics; 
it may be this or that system in this or 
that sphere. In our discussion here it 
may be one curricular pattern rather than 
another. Faith in machinery of any kind 
is fatal to achieving the sort of education 
Milton defined. That education aims at 
making a man capable of taking all ma- 
chinery in stride. Knowing that he may 
be confronted with a new model tomorrov, 
he is safe from idolatry of the current 
model. 

I see, or think I see, a disposition on 
the part of many of us to put our faith 
in a piece of machinery which I personally 
admire very much. Mr. Irving S. Olds, 
recently retired U. S. Steel Board Chair- 
man, puts it this way: “The most difficult 
problems American enterprise faces today 
are neither scientific nor technical but lie 
chiefly in the realm of what is embraced 
in a liberal arts education.” As one whose 
formal education was nurtured in the 
liberal arts, I am happy that their place 
should be recognized and their estate ae- 
knowledged to be honorable. And | 
recognize the significance for the student 
engineer, who may someday be asked to 
assume managerial functions, of the wart- 
ing issued by another industrialist, Mr. 
Sidney Swensrud, President of the Gulf 
Oil Corporation. Mr. Swensrud has sai, 
“The men who come into managemett 
must understand the whole sweep of mod- 
ern political, economic and social life’ 
But I would be less than serupulous if! 
did not warn all who are about to put 
their faith in a liberal arts education that 
it too is a machine, that its faculty may 
err on the side of idolatry like any other 
faculty, and that any model of it is sub 
ject to obsolescence. 


It 
better 
than 
our ¢ 
has n 
add t 
woul¢ 
for ai 

Lik 
Colles 
to ou 
make: 
tem 0 
ciplin 
systen 
has to 
his hi 
gener 
says | 
among 
divisic 

This 
sied fi 
the Cl 
a Syn 
and T 
UCLA 
“Look 
tion” 
cation 
the st 
teache 
to ‘kn 
society 
the int 
and hv 
cannot 
social- 
not on 
world 
Decem 


| 
mined. 
shapes 
 physie: 
| every 
| howeve 
| to the 
also by 


e and An- 
machinery 
Te tend to 
r which we 
in our own 
r extension 
e, we tend 
machinery 


nb; it may | 


statistics; 
in this or 
on here it 
rather than 
f any kind 
education 
yn aims at 
ng all ma- 
he may 
tomorrow, 
he current 


Dosition on 
t our faith 
personally 
ig S. Olds, 
ard Chair- 
ost difficult 
faces today 
ical but lie 
; embraced 
; one whose 
‘ed in the 
their place 
estate ac- 
. And | 
the student 
asked to 
f the wart- 
rialist, Mr. 
f the Gulf 
id has said, 
lanagement 
ep of mod- 
ocial life.” 
pulous if I 
out to put 
ication that 
aculty may 
> any other 
f it is sub- 


MODERN ENGINEERING PHYSICS 447 


It is obvious that some machines are 
better designed to achieve their purposes 
than others. I myself am convinced that 
our educational machine in engineering 
has neglected what the liberal arts could 
add to its efficiency of operation. But I 
would not have us substitute one machine 
for another in blind faith. 

Like the drafters of the Land-Grant 
College Act, we would do well to return 
to our bench mark. Milton’s definition 
makes no mention of any particular sys- 
tem of education. It favors no one dis- 
cipline. It declares only that whatever 
system will prepare a man to do what he 
has to do in a fashion commensurate with 
his highest potential is a complete and 
generous education. This education, it 
says further, is one, not a compromise 
among competing systems or branches or 
divisions. 

This sort of education has been prophe- 
sied for engineering. Last September at 
the Chicago Centennial of Engineering in 
a Symposium on Engineering Education 
and Training, Dean L. M. K. Boelter of 
UCLA made this prediction in his paper 
“Looking Ahead in Engineering Educa- 
tion”: “Throughout the engineering edu- 
eational process the complete growth of 
the student will be facilitated with the 
teacher as central. He will be encouraged 
to ‘know himself,’ to know others (and 
society), and to be a living example of 
the interrelationship between the physical 
and human worlds. For the student there 
cannot exist two stems (technical and 
social-humanistic) but rather a synthesis 
not only of the knowledge of the physical 
world but of knowledge itself” (JEK, 
December 1952). 


May Take Several Shapes 


As I have indicated, what shape the 
curriculum will take is as yet undeter- 
mined. It may, indeed, take several 
shapes. I think it is almost certain that 
physies will be given a larger place in 
every pattern. Physics will be judged, 
however, not alone by what it contributes 
to the skill of the student engineer, but 
also by what it contributes to his total 


development as a person. I think it ean 
be made to contribute much. 

In company with mathematics, the 
other sciences, and many of the engineer- 
ing subjects themselves, physics can in- 
duce in the student an abiding respect for 
facts. This alone is a great contribution 
toward the student’s full development. 
Respect for facts is essential to an ap- 
prehension of truth. As Mr. T. V. Smith, 
Maxwell Professor of Citizenship at Syra- 
cuse University, has said, “Science. . . is 
the one great organized, established way 
that the human race has found of develop- 
ing serupulosity in human beings.” Seru- 
pulosity, he goes on to say, is not an in- 
herent quality. “It is an achieved ca- 
pacity, for most of us would not know 
truth if we met it in the road. Yet we 
need people who know how to get it 
when we do need it; and that is the role 
of science” (“Middle-Sized Values for 
Higher Education,” Current Issues in 
Higher Education, 1952). 

The peculiar contribution of physies to 
the generous education of the student en- 
gineer, I am convinced, lies in its power 
to initiate him in the use of the mathe- 
matical instrument. This instrument, as 
A. d’Abro wrote in The Evolution of 
Scientific Thought, is capable of “giving 
us a deeper insight into the problems of 
nature, revealing unsuspected harmonies 
and extending our survey into regions of 
thought whence the human intelligence 
would otherwise be excluded.” 

As the student of physies proceeds 
from concept to concept, he can be led 
to see, in d’Abro’s words, that “in order 
to render nature amenable to mathe- 
matical treatment, it is necessary that we 
should succeed in reducing the various 
natural phenomena to common terms.” 
He can be led to the realization that 
usable knowledge begins with “seeking 
differences of quantity beneath differences 
of quality.” Although I am not com- 
petent to carry the analysis to a rounded 
conclusion, I submit that the student who 
learns this lesson is well on the road to- 
ward preparing himself for the just per- 
formance of his duties whatever they be. 
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If it is to do these things, of course, 
physics must be properly taught, with a 
view to harmonizing its own peculiar con- 
tribution with the contributions of the 
other disciplines, to the end that the stu- 
dent’s education will be an organic whole 
and not a collection of bits and pieces of 
knowledge. As Dean Boelter said, the 
teacher is “central.” As a college ad- 
ministrator I can only deplore the attitude 
of some members of the physics faculty 
in many colleges. They regard the teach- 
ing of the basic undergraduate courses 
as a chore and their assignment to 
such courses as an imposition. The basic 
courses deserve the best possible teaching 
by the finest members of the physics staff. 
No physies faculty known to me would 
feel that it had carried out its responsi- 
bilities if its instruction aimed at de- 
veloping in the student no more than an 
ad hoc knowledge of physical concepts 
and manipulative skill in their applica- 
tion. And every physics faculty, I think, 
would acknowledge that courses in physics 
should contribute to the student engi- 
neer’s growth in habits of scrupulosity 


and devotion to truth. But how many 
direct their best efforts to this end? How 
many simply assume that the benefits wil] 
accrue automatically from contact with 
physics in the classroom? How many 
deliberately aim at making the basic 
physies courses a liberalizing experience! 
Only with the most devoted teaching can 
physies, or any other subject, become part 
of a generous education. 


Conclusion 


This completes my survey of engineer- 
ing physics. The view has possibly been 
more panoramic than you would prefer. 
It is my hope, however, that if I have 
failed to bring new vistas to your atten- 
tion, I have at least not fogged the land- 
scape. All of us are seeking the same 
end, whether we orient ourselves on Mil- 
ton’s definition or not. That end, I take 
it, is to make every course contribute as 
fully as possible to the complete educa- 
tion of the student. If we keep that end 
in sight, our differences will become the 
means of exploring the alternative ave- 
nues of approach. 


College Notes 


Dr. John D. Ryder, head of the elec- 
trical engineering department at the Uni- 
versity of Illinois, has been named Dean 
of the School of Engineering at Mich- 
igan State College. The appointment is 
effective July 1, 1954. Dr. Ryder suc- 
ceeds Dean Lorin G. Miller who retired 
July 1, 1953. Dean Miller, a member of 


the staff since 1929, had served as dean 
since 1949. Following Dean Miller’s re- 
tirement, Dr. A. A. Potter, retired dean of 
the School of Engineering at Purdue Uni- 
versity, has served as consultant to Pres 
ident Hannah in charge of the School of 
Engineering. 
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The Undergraduate Course in Process Design 


By CHARLES A. WALKER 


Associate Professor of Chemical Engineering, Yale University 


Introduction 


The instructor charged with the re- 
sponsibility of teaching a course in proc- 
ess design to senior students in chemical 
engineering is faced with a serious prob- 
lem in determining how the students’ time 
ean be utilized most effectively. The 
problem is particularly difficult in this 
course because of the breadth of the sub- 
ject of process design, embracing as 
it does the fundamentals of chemistry, 
thermodynamics, unit operations, reac- 
tion kinetics, economics, instrumentation, 
ete. In view of the breadth of the sub- 
ject it is not surprising that there exist 
widely divergent opinions as to the proper 
method of approaching the subject. As 
a matter of fact, it is undoubtedly true 
that there exist several satisfactory ap- 
proaches to the subject, some of which 
will be effective in the hands of a given 
teacher and some of which will not. 

It would be very helpful in planning 
the process design course if it were possi- 
ble to state clearly the objectives of such 
a course. However, since process design 
is usually taught as a course requiring the 
student to bring to bear on a particular 
problem his previous knowledge of sci- 
ence, engineering and economics, the ob- 
jectives of the process design course be- 
come identical with the overall objective 
of the engineering portion of a student’s 
education. One way of stating this over- 
all objective is to say that we attempt to 
develop in students the ability to apply 
to certain types of problems a particular 
type of reasoning process, having its 
origins in mathematies and the physical 
selences but going beyond these because 
some of the problems require reasonable 


answers to be obtained in the absence of 
sufficient knowledge for a precise analy- 
sis. When a student enters the process 
design course he will have had a consid- 
erable amount of training in the solution 
of problems where precise analysis is 
possible. His approach to these prob- 
iems will have been directed to a con- 
siderable extent since most of them will 
have been assigned to amplify certain 
well-defined lecture material or certain 
well-defined reading assignments. The 
student at this point is ready to learn 
several facts about the practice of the 
profession of engineering: 


1. The practice of this profession does 
not consist merely of solving prob- 
lems which have been stated by 
higher authorities but of stating as 
well as solving problems. 

2. It is the engineer’s responsibility to 
determine which portions of the 
available knowledge can be applied 
to a given problem and whether a 
precise solution to a given problem 
is feasible; i.e., to recognize when 
precise analysis must be abandoned 
in favor of approximation. 

3. Some problems in engineering are 
so complex as to necessitate rather 
arbitrary decisions on how to pro- 
ceed with a solution to the problem. 
Such arbitrary decisions may be com- 
pletely justified when there are rela- 
tively minor differences in the meth- 
ods of solving the problem. 

4. Most engineering achievements of 
any magnitude are the result of co- 
operative efforts, frequently involv- 
ing large numbers of scientists and 
engineers. 
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In process design as in no other course 
in the undergraduate curriculum there 
exists the opportunity to broaden the stu- 
dent’s perspective and to indicate to him 
what he must do in order to become a suc- 
cessful engineer. 

The time available for doing these 
things is limited, however, to about 150 
working hours for a one-semester course 
or possibly 300 working hours for a two- 
semester course. Thus we have in the 
best case the equivalent of no more than 
eight 40-hour weeks to devote to this very 
important portion of the student’s educa- 
tion. This appears to be totally inade- 
quate in view of the further fact that this 
material can hardly be taught; it must be 
learned. It is not argued that more time 
should be devoted to this course but rather 
that the instructor must utilize the stu- 
dents’ time very effectively. 


The Scope of Process Design 


The primary task of a process design 
engineer is one of synthesis, of bringing 
together the knowledge and opinions of 
scientists, engineers, economists and others 
and applying them to the problem of de- 
signing a plant. He is not merely one 
who accepts such knowledge and opinions 
in predigested form. Instead he must 
work closely with these other groups in 
building up the required knowledge, mak- 
ing certain that research and development 
groups provide the essential data for proc- 
ess design and frequently, because of 
economic considerations, making certain 
that they provide no more than the essen- 
tial data. It is also his task to analyze 
all data and all opinions critically since 
he has the ultimate responsibility of ap- 
plying these in such a way that a work- 
able design results. These several func- 
tions place the process design group in a 
key position, acting sometimes in an ad- 
visory capacity and again assuming the 
major responsibility. 

Consider that the statement of a prob- 
lem in process design must be developed 
over a period of months or years as the 
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result of the activities of several groups 
of people. Thus in the development of 
a new product the following steps might 
be involved: 


A. Survey of literature 
B. Survey of markets 
C. Basie research and development 
1. Choice of a process 
2. Raw materials specifications 
3. Product specifications 
. Preliminary layouts, cost estimates, 
ete. 
. Plant location 
. Plant layout 
. Final design and economie analysis 
. Plant construction 
I. Plant start-up 
J. Plant operation 


mots 


One usually conceives of such a develop- 
ment as occurring essentially in chrono- 
logical order and involving shifts in re 
sponsibility from research to development 
to design groups. This picture is essen- 
tially correct but there is also involved 
great deal of cooperative effort, and many 
of the activities listed occur more or les 
simultaneously. 

For example, the process design group 
may be called on to examine a projet 
after the surveys of literature and mar- 
kets are completed. There may be enough 
information available from these two 
sources to permit a preliminary desig 
and cost estimate. The results of thi 
preliminary design and cost estimate may 
indicate that the proposed project is no 
economically feasible, in which case i! 
would not enter the research and ée 
velopment laboratories. If the proces 
appears to be feasible at this point its 
apparent that the process design grol 
ean perform a very important functio 
in advising the research and developmel! 
groups as to which portions of the pro 
ess require further investigation. As 
search and development proceed it mij 
be necessary for the process design grou) 
to evaluate their results periodically, a 
vising whether a particular method ¢ 
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attack should be continued or not, ad- 
vising when the data are adequate, ete. 
This may be one of the most difficult 
tasks of a design engineer since consid- 
erable diplomacy may be necessary in 
explaining to a development engineer 
that one of his pet ideas is not economi- 
eally feasible. For example, if the equip- 
ment for a particular process is available 
for a price of $100,000, it would be dif- 
ficult to justify a $25,000 development 
program in the hope of reducing this 
cost to $60,000 unless the problem is one 
which might oceur frequently in the fu- 
ture, no matter how ingenious the pro- 
posed solution might be. 

It is to be noted that during steps A, 
B and C of a development such as that 
outlined above the function of the process 
design group is an advisory one. It is 
not intended to imply that all of the work 
done by research and development groups 
is subject to appraisal by the process de- 
sign group since the engineers and scien- 
tists in these former groups have much 
broader functions. After the first three 
steps of the development are completed, 
however, the process design group as- 
sumes the major responsibility for the 
plant location and layout, final design, 
supervision of construction and plant 
start-up. 

In many cases the responsibility of the 
process design group ends when the plant 
is operating satisfactorily and operators 
have been adequately trained. This group 
may be called back to other problems, 
however, if economic conditions lead to 
the necessity for production above the 
design capacity, for the recovery of by- 
products, for changes in product speci- 
fications, ete. 

The breadth of activities of a process 
design engineer may also be indicated by 
noting that he may spend a large part of 
his time in stating problems rather than 
m solving them. The definitions of the 
problems which may be of interest to the 
process design engineer may be sum- 
marized as follows: 
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1 Unspecified] Unspecified] Unspecified 
2 Given Unspecified} Unspecified 
3 Unspecified} Unspecified] Given 
4 Unspecified} Given Given 
5 Given Unspecified| Given 
6  |Given Given Given 


The very broadest problem with which a 
process design engineer is concerned arises 
when an organization has capital to in- 
vest in a chemical enterprise and seeks 
advice as to product, process and raw 
materials (Type 1). It is probably more 
frequently the case that advice is sought 
as to how to utilize a given raw material 
(Type 2) or how to manufacture a given 
product (Type 3). It may also be the 
case that a desirable product and process 
are known and the problem is one of 
choosing appropriate raw materials (Type 
4), or that the raw materials and prod- 
ucts are specified but the process remains 
to be chosen (Type 5). Before a final 
design can be undertaken it is necessary 
that the varied activities of several groups 
be so coordinated that the problem be- 
comes completely defined (Type 6) as to 
these three factors. 

The varied activities of a process en- 
gineer, as depicted briefly above, make 
this type of position one of the most 
thoroughly fascinating ones in the field 
of chemical engineering. As in all other 
cases, reaching a position where the full 
challenge of the field is met requires an 
apprenticeship in each of the several 
phases noted. These apprenticeships will 
cover a period of several years before 
the full-fledged process design engineer 
emerges. The decision of the individual 


student as to whether he should enter this 
field depends on an honest appraisal of 
his abilities, interests, physical stamina, 
ability to work under pressure (or to 
“think on his feet”) and personality char 
acteristics. 


t 
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Methods of Teaching the Process Design 
Course 


The process design engineer has been 
depicted as one who must understand ali 
phases of a chemical development, func- 
tioning at times in an advisory capacity, 
and assuming active charge of the project 
after the cooperative efforts of his own 
group and the research, development and 
management groups have stated the prob- 
lem clearly. It may be noted that a 
somewhat similar picture could be painted 
of the activities of the research and de- 
velopment groups since each of these 
groups functions in an advisory capacity 
both before and after the major responsi- 
bility has passed its particular interests. 
It is in the process design course that 
there exists the best opportunity to indi- 
cate to students the roles played by each 
of these groups, thus making the course 
of great value to the individual student 
whether or not he enters the field of proc- 
ess design. Perhaps one of the most com- 
mon failings of young engineers is a 
failure to appreciate the contributions 
made by groups other than the one with 
which he is associated. 

We are obviously now in a position to 
say that the process design course prefer- 
ably consists of a project in miniature, 
carrying a process through all phases of 
its development from the market survey 
to the final design. The course is taught 
in just this way at several schools, the 
students devoting their attention first to 
literature and market surveys, then to re- 
search and development work in the labo- 
ratory and finally to the detailed design. 
This type of course is undoubtedly very 
effective in the hands of an inspiring 
teacher and represents a logical approach 
if sufficient time is available for it. How- 
ever, it has been noted above that the time 
ordinarily available is no more than the 
equivalent of eight 40-hour weeks of stu- 
dent time. In order to obtain definite re- 
sults in this short period it is necessary 
that the process chosen for the work be 
quite simple or that the instructor guide 
the entire development rather carefully. 
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If the process chosen is too simple the 
students are likely to lose interest rapidly; 
if it is too complex their interest will 
wane because too many approximations 
will be necessary. If the instructor guides 
the work too closely the students lose the 
opportunity of using initiative. Thus for 
this type of course to be successful the 
problems must be chosen with extraordi- 
nary care, and the instructor must be very 
careful in his guidance of the work. 
The author is inclined to favor a second 
type of design course which may be said 
to consist of developing the complete 
statement of a problem together with a 


partial solution. 


If the goal of a con- 


plete problem solution is abandoned in 
favor of this approach it becomes rela- 
tively easy to devise problems which pref- 
erably have the following characteristics: 


The statement of the problem is very 
broad, requiring that the students 
restate it and amplify the statement 
as they proceed. 


. Some portions of the problem are 


such that precise analyses are possi- 
ble. 


. Some portions of the problem are 


such that precise analyses are not 
possible but approximations can lead 
to adequate solutions. 


. Some portions of the problem are 


such that neither precise analyses 
nor satisfactory approximations are 
possible in the absence of further 
experimental data. 


. The process on which the problems 


based is sufficiently complex that the 
student’s interest is held throughout 
the course. 


A particular problem used by the 
author in teaching the process desigs 
course will serve to illustrate the basit 
philosophy used. The problem may b 
stated as follows to the students: 


We have been requested by the manage 
ment of Sachem, Inc., to provide a prelimi 
nary report on the design of a plant fo 


the chlorination of methane. 


The client has 


available a satisfactory source of naturil 
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gas (typical analysis: 92.1% CH, 1.9% 
CH, 4.5% C,H, 1.5% C,H,,) and is in 
position to purchase chlorine from an ad- 
joining plant. We are informed by the 
client that his market survey group has esti- 
mated that there would be a market for the 
following annual sales of the products of 
this plant: 1000 tons CH,Cl, 1000 tons 
CH,Cl., 3000 tons CHCI, and 5000 tons CC\,. 

For the preliminary report we may con- 
sider that our task is one of developing a 
complete flow sheet, designing those portions 
of the equipment where adequate data and 
calculation method are available, and mak- 
ing recommendations as to the general prob- 
lems which must be solved in the laboratory 
before a final design is undertaken. This 
will be sufficient information to permit us 
to make very rough estimates of the costs 
involved. 


The students are required first to sur- 
vey the literature for methods of carrying 
out the reaction between methane and 
chlorine. A class discussion following 
this survey leads to a somewhat arbitrary 
decision to proceed with the design on the 
basis of a particular type of reactor but 
it is emphasized that this decision is sub- 
ject to review at a later date. The stu- 
dents are expected then to recognize the 
existence of the following specific prob- 
lems: 


1. Hither the natural gas must be puri- 
fied before chlorination or a very 
complex mixture of chlorinated hy- 
drocarbons must be separated after 
chlorination. 

2. The estimated sales volumes indi- 
cated are subject to considerable 
error and to constant changes with 
varying market conditions. 

3. In view of the indication in (2) 
and of the fact that a group of con- 
secutive reactions is involved it will 
not be possible to adjust the methane- 
chlorine ratio in the feed to yield 
a product stream containing only hy- 
drogen chloride and chlorinated hy- 
drocarbons. Either an excess of 
chlorine or an excess of methane 
must be used. 


THE UNDERGRADUATE COURSE IN PROCESS DESIGN 


453 


4. There will be numerous schemes for 
the separation of the products of 
reaction. 


The answer to the first problem above 
is obtained readily when the removal of 
ethane and higher hydrocarbons from the 
feed by absorption is compared with the 
task of separating a complex mixture of 
chlorinated hydrocarbons by rectification. 
There are available adequate physical 
data and calculation methods to permit 
design of the absorption equipment. The 
answer to the second problem above lies 
in a close study of the variables which de- 
termine the product distribution. It is 
not feasible in the undergraduate course 
to design the reactor system completely 
but it is possible to decide on the reactor 
arrangement and to calculate material 
balances and heat balances. The reactor 
will have to be “blocked in” for the pur- 
poses of a flowsheet unless the instructor 
desires to guide the calculations care- 
fully. The answer to the third problem 
lies in a comparison of the difficulty of 
separating either unreacted chlorine or 
unreacted methane from the product 
stream. There are sufficient data and 
calculation methods available to obtain 
reasonable answers to the problem of de- 
signing the equipment for the separation 
of products although the students will 
need some help in calculation methods. 

The result of several weeks of work by 
the students on a problem of this type 
will be a preliminary flow sheet with com- 
plete heat and material balances, with a 
few pieces of equipment designed at least 
to the extent of sizing them, and with a 
few problems stated as needing labora- 
tory investigation. The students will have 
come to recognize something of the dif- 
fieulty of stating a problem and they will 
have used precise analyses in some cases 
and approximations in others. Most of 
all, they will have realized something of 
the spirit of process design. 

Finally, there remains the possibility 
of teaching process design from the other 
end of the development scheme; i.e., by 
giving the students a completely formu- 
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lated problem in which their task is the 
final layout and design. The author has 
tried this approach and found it inter- 
esting and instructive. It is, however, 
more difficult to hold the students’ at- 
tention because of the numerous rather 
minor details which must be considered. 
Furthermore, this type of problem is 
likely to lead students to the conclusion 
that process design is a field for the pa- 
tient ones whereas it actually involves so 
many factors other than final designs that 
it should be appealing to several types of 
students. There will be some teachers 
who feel that this type of course offers 
excellent training in discipline because of 
the numerous details involved. Actually, 
of course, any problem of sufficient scope 
will offer such training. 


Conclusions 


There have been presented the author’s 
viewpoints as to the proper nature of the 
process design course for seniors in chemi- 
eal engineering. The teaching method 
suggested is, however, only one of at least 
three logical methods of teaching the sub- 
ject. A critical examination of these three 
presentations of the subject will reveal 
that the objectives of the process design 


course can be achieved through any one 
of them provided that the problems are 
properly stated and that the instructor 
provides only the minimum guidance 


necessary in developing the problem state- 


ment and solution. 
Perhaps the most important points in 
the author’s presentation are: 


1. Process design should be presented | 
not as a drafting table enterprise | 


but as an enterprise involving many 
factors and requiring that the engi- 
neer be not only technically pro- 
ficient but also skilled in the art of 
personnel relations. 


held more easily if the goal of a 
complete and detailed design is 
abandoned in favor of problems. in- 
volving the development of a con- 
plete statement and a partial solu- 
tion to a problem. 

3. A considerable part of the course 
should be devoted to the devising of 
a flow sheet and to analyzing prob- 
lems to determine where precise 
analysis is possible, where approxi- 
mation is necessary and where re- 
search or pilot plant programs should 
be considered. 
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Graduate Education in Engineering 


By WILLIAM BOLLAY 


President and Technical Director, Aerophysics Development Corporation ; 
Visiting Professor, Department of Engineering, University 
of California at Los Angeles 


A. Introduction 


The question of what type of graduate 
education is of most benefit to an engineer 
may be approached by reviewing briefly 
the history of engineering during the past 
twenty years. More specifically, I shall 
confine myself to aeronautical engineer- 
ing. It has been my own experience dur- 
ing this time that the only engineering 
courses which have been of any use to me 
have been the courses dealing with the 
basic engineering sciences. Everything 
we learned in highly specialized courses in 
various phases of engineering has been 
rapidly obsoleted by new developments. 
The biplane truss design has been re- 
placed by monococque wing design; the 
reciprocating engine has been replaced 
by the gas turbine; the wooden structures 
have been replaced by dural, steel, ti- 
tanium and glass cloth laminates; the 
manual controls have been replaced by 
hydraulic, electric or pneumatic servos 
and gyroscopic autopilots. Thus, the pro- 
posal which I should like to make is that 
the primary emphasis in graduate, as well 
as undergraduate, education in engineer- 
ing should be devoted to teaching the en- 
gineering sciences, thoroughly and clearly, 
illustrating the principles by application 
to modern engineering systems, demon- 
strating the principles with simple labo- 
ratory models, and giving the student 
practice by realistic design problems. It 
is my belief that since the time available 
m post graduate education is limited to, 
at the most, two or three years, the time 
devoted to highly specialized and applied 
courses should be restricted to a mini- 
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mum. These specialized subjects should 
be preferably taken as extension division 
courses after the student is engaged in 
engineering practice and has a need for 
specialized knowledge dealing with his 
type of work. It is my belief that the 
detailed design tricks can best be learned 
by an engineer after he is engaged in a 
given field, and that the so-called “art of 
engineering” or the design of a compli- 
cated engineering system cannot be taught 
in the limited time available in school 
without slighting the essential engineering 
sciences. This “art of engineering” would 
therefore be acquired as the result of en- 
gineering practice by building upon a 
sound foundation of the engineering 
sciences. 


B. Aeronautical Developments 


Let us review briefly the history of 
aeronautics during the past twenty years 
in order to illustrate the above ideas. 


(1) Aircraft propulsion 


The increase in airplane performance 
during the past twenty years has been 
largely paced by the development of 
powerful and light aircraft propulsion 
systems. Table I shows the relative per- 
formance of typical high performance 
powerplants of 1933 and 1953. Univer- 
sity courses in aircraft powerplants in 
1933 were of little help in the design of 
centrifugal or axial flow compressors or 
the burners for gas turbines or the com- 
bustion chambers for rockets. These new 
propulsion systems were developed largely 
by the application of aerodynamic prin- 
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TABLE I 
RELATIVE PERFORMANCE OF AIRCRAFT PROPULSION SYSTEMS WEIGHING 2,000 LBs. 
Year Type Max. Aircraft Speed, V Thrust, F —- a 
~ 550 
1933 | Reciprocating Engine| V = 450 ft./sec. 1,000 H.P. 
and Propeller 
Turbo Jet V = 1100 ft./sec. | F = 6000 lbs. P = 12,000 HP. 
-1953 
Rocket V = 5500 ft./see. | F = 100,000 Ibs. | P = 1,000,000 HP. 


ciples to the design of compressors, burn- 
ers, and turbines. The basic laws of 
thermodynamics and heat transfer, of 
fluid dynamies and elasticity were of much 
greater help in the design of these sys- 
tems than the prior art in the field of 
aircraft engines. 


(2) Aerodynamics 


With the increase in power, aircraft and 
missile speeds have increased about ten- 
fold during the past twenty years. The 
biplane with its external bracing was 
replaced by mono-planes with stream- 
lined cowlings, retractable landing gear, 
laminar flow wing sections, and more re- 
cently, by the thin swept back wings or 
delta-wings with a capability of flying at 
transonic speed and supersonic speed. 
The traditional aerodynamics courses of 
1933 offered little help in the solution of 
these problems. They presented a sum- 
mary of past experiences on lift, drag, 
and pressure distributions on various 
bodies for an incompressible fluid. Only 
a few exceptional universities offered 
courses in hydrodynamics covering the 
basic theory of boundary layers and tur- 
bulence, the theory of wings including 
low aspect ratios, the fundamentals of gas 
dynamics including transonie and super- 
sonic flows. Very few aerodynamics 
courses included rotary-wing aircraft or 
the theory of wing flutter or the dynamic 
analysis af aircraft systems. 


(3) Aircraft structures 


With the increase in aircraft speeds, 
the aircraft structures have also changed 


radically. In 1933 the most common air. 
craft structures were of a wood or sted 
framework and a doped fabric skin cover. 
ing. At about this time the monocoque 
or shell structures were introduced. The 
standard aircraft structures courses ‘were 
rather inadequate for dealing with the 
problems of buckling of flat and curved 
panels in bending, compression and shear. 
The theory of elasticity including the 
theory of shells and plates on the other 
hand, offered a good background for 
tackling these new problems. Present 
thin aircraft wings are almost solid plate 
with swept-back or delta shaped pla 
forms. The analysis of these wings par- 
ticularly from the dynamics and flutter 
standpoint, represents one of the current 
challenges of structural design. gai. 
the only tool for the young graduate in 
this field is a good understanding of th 
fundamentals of elastic theory and d- 
namics. The new types of structures cu 
rently under study for use at the high 
temperatures of supersonic flight—glas 
cloth laminates or ceramic structures 0 
combinations of these with metallic strue- 
tures—will require an understanding 0 
the elastic theory as well as of heat trans 
fer and thermodynamics. 
(4) Aircraft system engineering 

The above mentioned examples are i: 
lustrative of the type of problems fact 
by the aeronautical engineer during t 
past twenty years and now being fact 


for the future. It was found by expe 
ence that the descriptive courses in var: 
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young engineer in his first years of in- 
dustrial practice. They did not equip 
him, however, with the tools for starting 
out on a fresh approach. 

The most serious problem which is en- 
countered in a modern aeronautical engi- 
neering department is the scarcity of 
engineers with a good background in the 
various basic engineering sciences. They 
will ordinarily have studied a limited 
field like aerodynamics or propulsion or 
structures, or radar, or servo-mechanisms. 
However, there are very few with a good 
understanding of the fundamentals in all 
of these fields. As a result, the “systems 
engineering” which means making the 
compromises between these various ele- 
ments is usually not carried out too well. 
This “systems engineering” which is what 
is sometimes called the “art of engineer- 
ing” ean not be taught without teaching 
first the engineering sciences. A grad- 
uate who has a thorough grasp of the en- 
gineering sciences basic to his field of ac- 
tivity will be able to develop the “art of 
engineering” simply by applying his com- 
mon sense. 


C. Engineering Science vs. Physics as 
Preparation for Engineering 


It has been argued by some educators 
that the best graduate preparation for a 
eareer in engineering is graduate study 
in physics, chemistry and mathematics. It 
is my impression that an outstanding 
young physicist can learn to tackle engi- 
neering problems just as an outstanding 
young engineer can learn to solve prob- 
lems in physics. However, there is a 
considerable difference in emphasis be- 
tween the engineer and the physicist or 
the mathematician in his outlook and his 
approach to a given subject. For ex- 
ample, a classical physics text on dy- 
namies presents the basic theory of vibra- 
tions of systems with various degrees of 
freedom. An engineering study of vibra- 
tions starts from this point and illustrates 
how it is possible to reduce complicated 
physical problems such as the forced 
Vibration of an engine crankshaft, or the 
flutter of an airplane wing or the vibra- 
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tion of a turbine blade to simplified differ- 
ential equations which can be solved by 
approximation methods or with the aid of 
analog or digital computers. Similarly, 
a classical physies text on hydrodynamics 
contains the mathematical theory of fluid 
motions. An engineering study of hydro- 
dynamics takes this same theory as a 
starting point but concentrates on the 
application to wings and airfoils, to skin 
friction and turbulence, to shock waves 
and boundary layers. Similarly differ- 
ent viewpoints apply to the theories of 
elasticity, electricity, and magnetism. 

We may approximately summarize this 
situation by stating that the standard 
physics courses and texts concentrate on 
developing the fundamental principles of 
physies and stating them in a simple 
mathematical form, that the engineering 
science courses and texts concentrate on 
the applications of these principles and 
equations to engineering problems. Thus, 
to the physicist, elegant methods of de- 
riving and summarizing the equations 
(such as vector, tensor, and matrix meth- 
ods in elasticity, or Lagrange’s equations 
and Hamilton’s principle in dynamics) 
are of considerable importance. To the 
engineer the principal problem is to re- 
duce a very complicated physical situa- 
tion to a simplified model, which he can 
think through and understand with the 
aid of the mathematical equations and 
which he can analyze with the aid of 
simple approximations with the aid of 
digital or analogue computers, or with 
the aid of model tests and experiments. 
Obviously, there is a considerable region 
of common interests. The best physics 
texts such as, for example, Sommerfeld’s 
series of books on Theoretical Physics, 
cover much of the same ground as books 
or papers on the engineering sciences by 
von Karman and Prandtl, Timoshenko 
and Den Hartog, Biezeno and Grammel. 
It is my belief, however, that courses in 
physics are not a substitute for the re- 
lated courses in the engineering sciences 
but rather, a supplement and that there- 
fore, the engineering sciences should be 
taught as such by “engineering scientists” 
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who know the practical problems of engi- 
neering as well as the applicable basic 
sciences. 


D. Recommended Program of Graduate 


Courses 


I have attempted to think through the 
kind of a graduate program of courses I 
should like to take if I had the oppor- 
tunity of starting over to prepare for a 
graduate degree in engineering. This 
program would be most suitable for aero- 
nautical or mechanical engineering but a 
similar program would also apply to the 
other fields of engineering. The program 
would consist fundamentally of four basic 
courses in engineering science each year. 
Each course would consist of three leec- 
tures per week plus an afternoon of labo- 
ratory work or problem discussions. <A 
candidate for the Ph.D. degree would, in 
addition, include about two related grad- 
uate courses in a physical science plus a 
thesis. In addition, the engineering 
school would offer specialized courses in 
its extension division as optional courses 
for those students who desired such spe- 
cialized training in a particular field. 

It is proposed that such a program 
would consist of : 


Two Years—Applied Mathematics 
Including vector analysis, Laplace 
transforms, and other math. methods. 

Two Years—Fluid Mechanics 
Including hydrodynamics of perfect 
fluids, the theory of wings and air- 
foils; viscous fluids; boundary layers, 
and turbulence; compressible fluids; 
gas dynamics; stationary and non- 
stationary flows. 

Two Years—Structures and Theory of 

Elasticity 
Including theory of elasticity and 
plasticity ; theories of strength; buck- 
ling; shells and plates. 

One Year—Dynamics 
Ineluding mechanical vibrations of 
machines; flutter; dynamics of air- 
craft and missiles. 

One Year—Thermodynamies and Heat 

Transfer 
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One Year—Survey: Modern Physics 
for the Engineer 


Substantially covering the subject 
matter of U.C.L.A. course by the | 


same title. 
One Year—Applied Electronics 


The graduate student working toward 
a Ph.D. should learn the methods and 


techniques of engineering research in pre- | 


paring his thesis under the supervision of 
an experienced faculty advisor. It is 
very desirable that the thesis include er. 


perience with both the analytical and ex. | 


perimental methods of engineering r- 
search. In addition, the graduate students 
should obtain experience in presenting 
the results of his research work orally 
before an audience in a weekly research 
conference and at least once a year, by 
presenting a seminar. Such practice in 
public speaking on engineering topics, 
if criticized constructively by the auéi- 
ence, is of much more help to an engineer 
in learning to express his ideas than the 
formal courses in public speaking. 


E. Extension Division and Specialized 
Courses 


Most engineers can not anticipate the 
exact field of engineering in which they 
will be active after they leave the univer- 
sity and therefore, it is recommended that 
highly specialized subjects generally be 
studied by the engineer after he is en- 
gaged in his professional practice. This 
may be done either with the aid of text 
books or extension division courses at & 
neighboring university. Thus, a mechani- 
cal engineer who is engaged in the design 
of gas turbines would do well to supple 
ment his basic engineering science studies 
with a course in jet propulsion or i 
turbo-machinery. A course in jet pro- 
pulsion would include the basic theory 
of steady and nonsteady flow jet propul- 
sion systems in air as well as in water. 
A course in turbo-machinery would i 
elude a survey of the theoretical methods 
and the experimental data available for 
the design of axial flow compressors and 
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of combustion chambers for gas turbines, 
it would be to his advantage to take ex- 
tension division courses in the theory of 
flames and combustion including a sum- 
mary of the aerodynamic as well as the 
chemical aspects of this problem. If he 
is engaged in the design of regulators and 
controls for gas turbines, the mechanical 
engineer would do well to take extension 
division courses in servo-mechanisms and 
automatic control systems. If he has had 
a good program of courses in the engi- 
neering sciences, it is very simple for 
him to assimilate the subject matter of 
these specialized courses rapidly and to 
be in a position where he can make new 
contributions based upon his knowledge 
of the fundamentals. 

The instructors for these extension di- 
vision courses should ordinarily be out- 
standing engineers engaged in the prac- 
tice of engineering. They will know much 
more about these advanced fields of engi- 
neering than any instructor at the uni- 
versity could be expected to know unless 
the latter is devoting a considerable por- 
tion of his time to research or to pro- 
fessional consultation with an engineering 
group active in this field. It is generally 
impossible for any instructor at a univer- 
sity to keep up-to-date in the details of 
various new fields of engineering develop- 
ment and consequently, the device of uti- 
lizing practicing engineers to teach these 
subjects is almost the only practical 
method for rapidly introducing these sub- 
jects into a university curriculum. The 
extension division courses taught by pro- 
fessional engineers offer at the same time, 
an excellent opportunity for the professor 
teaching a related engineering science to 
be kept informed of new technical de- 
velopments and to introduce problems, 
demonstrations and new developments 
from these extension division courses into 
his own courses in the basic engineering 
selences and to keep the basic engineer- 
Ing science courses lively and interesting. 
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F. Improvement in Engineering | 
Instruction 


The success of an engineering school in 
developing outstanding graduates depends 
primarily upon three factors: (1) Ex- 
cellent physical facilities including build- 
ings, laboratories, and research equip- 
ment; (2) A faculty composed of out- 
standing engineers with competence in 
both the teaching and the practice of en- 
gineering; (3) A capable group of stu- 
dents selected for their qualifications for 
engineering. The order of importance is 
in the reverse order to that listed. These 
conclusions also apply to graduate educa- 
tion in engineering. 

In order to improve the caliber of the 
graduate students, it is suggested that 
the most qualified B.S. graduates in engi- 
neering be encouraged to continue grad- 
uate studies in the engineering sciences. 
It is suggested that engineers within the 
upper quarter of their graduating class 
continue for one or two years of grad- 
uate study towards a Master’s or Pro- 
fessional Engineering degree; that the top 
ten per cent be encouraged to continue 
their studies toward a Ph.D. degree. It 
is recommended that most of these grad- 
uate studies be concentrated on the engi- 
neering sciences, and that the student 
usually defer highly specialized courses 
until after graduation. 

It is recommended that the graduate 
faculty of engineering be selected from 
among the top one per cent of engineers 
in competence and with at least ten years 
of engineering experience. It is also 
recommended that the salary for these 
members of the engineering faculty be 
comparable with that paid to the top one 
per cent of the engineering profession. 
In order to maintain their technical com- 
petence, it should be expected that this 
graduate staff devote about twenty per 
cent of their time to engineering research 
or engineering practice. 

It is recommended that the instructors 
in the specialized courses taught in the 
Extension Division be selected from 
among the best professional engineers en- 
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gaged in industry in the particular sub- 
ject. These instructors in the Extension 
Division would normally devote about 
eighty per cent of their time to engineer- 
ing practice and twenty per cent to teach- 
ing. In this manner, the most advanced 
fields of engineering development would 
be presented at the university by the real 
experts without making it necessary for 
the university to establish large associated 
development projects in every branch of 
engineering. 

By this dual approach of having the 
basie engineering faculty devote about 
twenty per cent of their time to engineer- 
ing research and development and con- 
versely having outstanding practicing en- 
gineers devote about twenty per cent of 
their time to teaching specialized subjects 
in engineering, it would be possible to 
bridge more effectively the gap between 
engineering school and the engineering 
profession. 

In order similarly to bridge the gap 
between the engineering school and the 
university departments in the basic physi- 
eal sciences, it is recommended that stu- 
dents in the physical sciences be encour- 
aged to take related courses in the engi- 
neering sciences and conversely. Each 
of these departments should, however, 
respect the different interests of the other 
and it should be recognized that the 
courses in engineering science do not dis- 
place the related courses in the physical 
sciences and conversely. 


G. Summary and Conclusions 


In summary the following reeommenda- 
tions are made to improve graduate edu- 
cation in engineering: 

(1) Graduate as well as undergraduate 
instruction in engineering should be de- 
voted to teaching the engineering sci- 
ences, thoroughly and clearly, illustrating 
the principles by application to modern 
engineering systems, demonstrating the 
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principles with simple laboratory models, 
and giving the students practice by realis. 
tie design problems. 

(2) Highly specialized subjects shouli 
preferably be studied by an engineer 
after he is engaged in this professional 
practice. He can then concentrate on the 
courses of direct interest to his field of 
work. These specialized courses should 
therefore preferably be offered by the 
university at its Extension Division in the 
evening. Mimeographed copies of such 
lectures should be made available by mail 
to engineers who cannot attend the mi- 
versity. 

(3) Engineering students within the top 
quarter of their class should be encow- 
aged to undertake graduate study in the 
engineering sciences. Students within the 
top ten per cent of their class should ke 
encouraged to continue toward the Ph. 
degree in Engineering Sciences. 

(4) The faculty for a graduate school 
of engineering should be selected fron 
among the top one per cent (in comp 
tence) of engineers engaged in each fie 
They should have at least ten years i 
experience in engineering practice or r 
search. They should be encouraged t 
continue to devote at least twenty per cet! 
of their time to engineering practice « 
research. Their total salary should k 
comparable with that of the top one pe 
cent of engineers (in salary). 

(5) Instructors for specialized course 
of the Extension Division should be 
lected from among the best profession! 
engineers engaged in industry in the pa 
ticular subject. 

(6) Industrial managements as well ® 
the engineers in industry should recy 
nize that in order for an engineer to mail: 
tain his technical competence, it will bk 
necessary for him to keep informed of ti 
newest technical developments by sué 
methods as extension division courses 
independent study. Such supplementary 
studies should be encouraged. 
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Teaching Statistics to Engineers 


By WYLLYS G. STANTON, SR. 


Professor of Industrial Engineering, University of Alabuma 


The problem connected with teaching 
statisties to engineering students and to 
men who were graduated from curricula 
which did not include statistics courses 
is already very important and it is con- 
stantly growing more so. A recent sur- 
vey by Dr. Ralph M. Barnes, Chairman, 
National Curriculum Committee of the 
American Institute of Industrial Engi- 
neers, reported in the November 1953 
Journal of Industrial Engineering, shows 
that 18 of 20 schools responding require 
at least one course in statistics. This is 
in contrast with the situation in 1946- 
47 when only eleven schools had such 
requirements in engineering curricula. 
Moreover eight of the schools have in- 
creased their requirements in statistics 
and six reported that they would like to 
make further increases by 1955-56. 

What is behind this trend? In part 
it may be explained by a natural growth 
in the use of statistical presentations for 
the selling of engineering projects. One 
of the finest examples of this is the report 
prepared by the Ohio Highway Depart- 
ment to show the need for additional road 
building funds and how they are to be 
allocated. Another point is that the pub- 
lie is steadily becoming more sophisticated 
in statistical matters. Witness the alac- 
rity with which critics claimed inadequacy 
and nonrandomness of the sampling in 
the second Kinsey report. Engineers 
have long made use of traffic counts, 
censuses of populations to be served by 
various kinds of public utility ventures 
and expansions, and other statistical pro- 
cedures, but in the future they are going 
to need to be better trained, to state con- 
fidence limits with respect to their aver- 
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ages and to make other refinements. 
Refinement in the use of statistics has 
also been accelerated by the growth of 
industrial engineering with its emphasis 
upon statistical quality control, job evalu- 
ation, methods analysis and production 
control. Finally, the experience with con- 
trolled materials plans, with the neces- 
sity for furnishing all sorts of reports to 
the government, has greatly increased 
interest of all engineers in statistical 
methods. 


Important Reasons 


Cogent as the foregoing reasons may be 
there are three other very important rea- 
sons for including statistics in the train- 
ing of every engineering student from 
this point forward. First is the realiza- 
tion, as instrumentation has improved, 
that measurements which were once ac- 
cepted as definite values are only approxi- 
mations or samples from the whole popu- 
lation of possible readings that might be 
obtained. Also it is ever more widely 
recognized that the classical experimental 
pattern of allowing only one factor to 
vary at a time completely neglects the 
important effects of interaction, and that 
a factorial design is much more fruitful, 
as well as more economical. 

A second point is that engineering work 
must of necessity include a great deal of 
computation. Most engineering curricula 
contain courses designed to teach the use 
of the slide rule and to convert logarithms 
from a novelty in algebra courses to a 
practical working tool, but these courses 
come early and often there is inadequate 
stimulus te continue practicing the skills 
acquired until they become habitual and 
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automatic. It is true that some courses 
in mechanics and design aid in further de- 
velopment of computational skills but 
there is need for more work along this 
line. 
without including the working of many 
problems by the student and they can be 
designed to yield additional practice in 
computation as a valuable by-product. 

A third and perhaps most important 
point is that the advances made thus far 
in the application of statistical method- 
ology to engineering are only a token of 
those that are yet to come. The only way 
that they can come about, however, is by 
having a large body of engineers suffi- 
ciently trained in statistics to recognize 
possibilities and to cooperate intelligently 
with the professional statisticians who 
stand ready to help them. In some large 
laboratories, as at General Electric, sta- 
tistical departments have been established 
on the premise that complete mastery of 
statistics and the development of new 
techniques, is in itself a life time career. 
Until the rank and file of engineers are 
sufficiently well acquainted with the rudi- 
ments of statistics to discuss their prob- 
lems intelligently with these specialists 
the fullest possible cooperation and prog- 
ress cannot be attained. 


Differences in Statistics for Engineers 


The natural question at this point is: 
what, if any, are the differences between 
teaching statistics to engineers and teach- 
ing it to other students? It is true that 
in many schools statistics instruction for 
engineers is handled on a service basis by 
the mathematics or other departments, 
often along with students from other col- 
leges. From the point of view of an en- 
gineering educator this plan leaves much 
to be desired. 

Engineers are much more sophisticated 
from a mathematical point of view than 
many of the students from other colleges. 
Use of a text which states that it pre- 
sumes no knowledge beyond elementary 
or even college algebra, is unappealing 
to students who have had an introduction 
to the calculus. On the other hand more 


Statistics can scarcely be taught 
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advanced texts which state that they are 


based upon nothing more difficult than’ 


elementary differential and integral cal. 


culus often make demands that the stu.) 


dent is not prepared to cope with 
Courses of this type may put engineer. 
ing students in competition with mathe. 
matics majors, some of whom are prepar- 
ing to be professional statisticians, and 
discourage them with work in series, ma- 
trix algebra, and multi-dimensional spaee, 

Engineering students tend to approach 
their studies in an air of pragmatism 
which causes them to respond best to 
problems dealing with engineering data. 
We may deplore their lack of interest in 
studying a subject purely for the sake of 
intellectual development, and we may er- 
deavor to steer them into more purely 
intellectual pursuits, but at the same time 
we do well to sugar coat the pill and to 
offer courses especially tailored to make 
the maximum use of their equipment and 
desires. 

Because of the training in drawing 
and other courses engineering students 
are conditioned to accept and profit by 
a maximum of graphical presentation. 
Much of statistical theory can be treated 
graphically with profit for students who 
are properly prepared, and at the same 
time such presentation would be wasted 
upon students who do not have well de 
veloped traits of structural visualization 


Need Efficient Handling 


The majority of all engineering cur 
ricula are so firmly packed with course 
requiring a lot of work on the part d 
the student, that there is need for mat 
mum efficiency in handling statistics, o 
any other course for engineers. The 
realistic instructor knows that he must 
compete keenly with other courses to ob- 
tain a fair share of the student’s time 
For this reason a course paced to suit the 
more leisurely gait of an arts college 
might be completely out of place for 
engineers. 

In general engineering studies are heli 
together by a strong chain of logic, ani 
the student discovers early that he must 


master 
plaguec 
on the 
chapter 
skippec 
queror. 
the for 
knowle 
it not f 
student 
are bui 
Althe 
creasin{ 
uremen 
awaren 
enginee 
fore in 
is nece 
data m 
psychol 
to expe 
other e 


Sugge 


Many 
already 
differen 
student 
tistics ; 
state tl 

1. U: 
theory 
demons 
appara 

2. Ri 
mathen 
preciat 
everyth 
not pui 
time th 
other t 

3. 
ing dat 
tendenc 
sis can 
a series 
heer ge 
lem if 
strengt 

4. Ir 
form ir 


| 


t they are 
icult than 
iegral 


t the stu-| 


ope with, 

engineer- 
ith mathe- 
re prepar- 


clans, 


series, ma- 


mal space, | 


approach 
ragmatism 
d best to 
ring data. 
interest in 
he sake of 
e may él- 
re purely 
same time 
ill and to 
1 to make 
pment and 


1 drawing 
students 
profit by 
esentation. 
be treated 
dents who 
the same 
be wasted 
e well de- 
ualization. 


1g 

ering ¢ul- 
th courses 
e part of 
for max- 
tistics, or 
ers. The 
; he must 
‘ses to ob- 
ant’s time 
to suit the 
ts college 
place fo 


s are held 
logic, and 
t he must 


TEACHING STATISTICS TO ENGINEERS 


master a field step by step or be forever 
plagued by the gaps unfilled. In history 
on the other hand one ean learn well the 
chapter on Henry VIII even though he 
skipped the one about William the Con- 
queror. Of course the understanding of 
the former will be enhanced by a better 
knowledge of the latter, but the omission 
it not fatal. For this reason engineering 
students require a course in which topics 
are built upon one another with care. 

Although as stated earlier, there is in- 
creasing realization that physical meas- 
urements are far from exact values, this 
awareness has not fully penetrated. many 
engineering college laboratories. There- 
fore in teaching statistics to engineers it 
is necessary to stress the variability of 
data more than it might be with a class of 
psychology students who are conditioned 
to expect wide variations in test scores or 
other experimental data. 


Suggestions for Teaching Statistics to 
Engineers 


Many of the suggestions to follow have 
already been implied in pointing out the 
difference between engineers and other 
students with respect to the study of sta- 
tisties; still it may be profitable to re- 
state them specifically. 

1. Use a step by step development of 
theory together with the liberal use of 
demonstrations including actual physical 
apparatus. 

2. Require students to work out enough 
mathematical proofs to make them ap- 
preciate that there is a rigorous basis for 
everything they are taught to do, but do 
not pursue this line so far as to take up 
time that may be better used to introduce 
other topics. 

3, Use problems based upon engineer- 
ing data. Although measures of central 
tendency, dispersion, skewness and kurto- 
sis ean be learned as well by manipulating 
a series of psychological scores, the engi- 
heer gets more meaning out of the prob- 
lem if the data is a series of breaking 
strengths of test pieces. 

4. Insist upon neatness and approved 
form in doing the written work. Encour- 
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age the use of tabular arrangements 
rather than a series of equations. Re- 
quire proper rounding off of continuing 
decimals, and establish numbers of sig- 
nificant figures appropriate to the data 
at hand. 

5. Develop problems which contain a 
minimum number of items adequate to 
illustrate the principle being studied. In 
too many texts problems are found which 
require hours of laborious arithmetic and 
do not teach any more than a simple prob- 
lem would. Of course when teaching the 
method of collecting a series of readings 
into classes in a frequency array a large 
number of items is essential. Also it is 
desirable to have some problems based 
upon actual data in order that the stu- 
dents do not develop a feeling of un- 
reality, but it is possible to greatly reduce 
the amount of drudgery often connected 
with statistics courses without any loss of 
theory. 

6. After eliminating unnecessary work 
from problem solving, assign frequent 
problems. 

7. Give frequent interim examinations, 
for experience indicates that they are 
probably more needed in statistics in- 
struction than in most other subjects. 
All of the usual reasons apply here; re- 
vealing his own weaknesses to the stu- 
dent, indicating to the instructor how well 
he is getting the ideas to the students, 
giving the students a sense of accomplish- 
ment and encouragement to proceed, ete. 


Growing Need for Instructors 


There is little doubt that there is an in- 
sufficient number of men available to meet 
the growing need for instructors to teach 
statistics to engineers. That is to say 
that there is an insufficient number of 
men with complete and rigorous training 
in statistical methods. This is not as bad 
a situation as it might appear to be at 
first glance because the greatest need is 
for instruction in elementary and inter- 
mediate statistical methods. If this need 
can be met the smaller number of teach- 
ers needed to handle the few who go on 
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for advanced training will also be found. 
In fact it is at the higher levels that it 
may be expedient to turn the job over to 
the mathematics or statistics department. 


Any good engineering instructur can’ 


readily learn enough statistics to handle 
a class in the elementary phases of the 
subject. By reading two or three good 
texts simultaneously he will obtain differ- 
ent viewpoints and a breadth of under- 


standing that would not be possible to 4 
reader working with only one book. By 
simultaneously is meant to take a par. 
ticular topic e.g., calculating averages, 
and find out how it is treated by differ. 
ent authorities. This together with work 
ing out many problems will equip one to 
start the teaching of basic statistics, then 
classroom contacts will increase one’s m- 
derstanding rapidly. 
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Educational Research May Aid 
Engineering Teaching 


By J. D. AXTELL, JR. 


Administrative Engineer, Electronics Research Laboratory, University of California 


One of the dramatic changes which has 
occurred during the past generation is the 
emergence of specialization, especially in 
the professions. This specialization has 
its roots in the rapidly growing volume 
and complexity of the information and 
techniques encompassed by any field of 
work. The advantages accruing to society 
from the deepened insights and skills of 
those who specialize are of course pro- 
foundly significant. The difficulties, per- 
haps not so obvious, are none the less im- 
portant. 

Of the difficulties confronting the pro- 
fessional specialist, one of the most serious 
is the problem of being aware of, and able 
to utilize, the results of research and up-to- 
date thinking in fields other than his own. 
There are, however, encouraging signs that 
this difficulty is being recognized, and 
that something is being done about it. 
Recently, the use of “interdisciplinary” 
research teams has led to fruitful results, 
especially where a problem has complex 
roots in several areas. For example, a 
study of the causes of juvenile delinquency 
in a particular city might involve an inter- 
disciplinary team consisting of a psy- 
chiatrist, and economist, a city-planning 
expert, and a sociologist. Another en- 
couraging sign is the increasing use of 
modern computing techniques to facilitate 
the processing of data for research in the 
social sciences as well as in the physical 
seiences, 

A third area of encouragement involv- 
ing the exchange of professional informa- 
tion is the growing emphasis on the 
“teaching” part of “engineering teach- 


ing,” because this involves a need to know 
what the research and experience of the 
professional specialists in education have 
revealed about the ways in which people 
most effectively learn. It is the purpose 
of this article to reach into the great 
wealth of this information and to attempt 
to state, as briefly as possible, a few of 
the findings that may have implications 
for engineering teaching. The points 
listed have emerged from the tremendous 
number of research studies of the various 
aspects of the learning process, carried 
on during the last twenty years. In cur- 
riculum theory as well as in educational 
psychology, research is the cornerstone of 
all the modern work being carried on. 
Indeed, the healthy skepticism of the 
physical scientist for unverified ideas 
has long since been put to use by the edu- 
eator, and the result has been a rather 
complete reversal of many of the older 
theories. 

Let us then list, and briefly discuss, a 
few of the results of the research in edu- 
cation, which have implications for engi- 
neering teaching. 

1. The efficiency of learning has been 
found to be closely related to the mean- 
ingfulness of the material presented, in 
terms of the student’s interests and pur- 
poses. The research indicates that the 
stronger the student’s motivation, the 
more efficient will be the learning process. 
The important thing to note here, how- 
ever, is that the determining factor is the 
student; his interests and purposes and 
motivations are the factors—not the mo- 
tivations that he should have, or may have 
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later, or that the faculty suppose him to 
have, or expect of him. Thus we must 
deal with the student as he comes to class, 
in terms of his actual interests and pur- 
poses, at that given time. It is obvious 
that this is extremely difficult, in a situa- 
tion which involves a whole classroom; 
yet this is an important principle of learn- 
ing. One significant corollary of this 
principle is that it thus becomes important 
to find out “where the student is now” in 
terms of both his informational back- 
ground, and his motivations. Another 
corollary is that although all members of 
a given group may have approximately 
the same informational background, the 
motivations may be vastly different, and 
thus the “spread” of learning efficiency 
may be correspondingly great. 

This does not, in any sense, mean that 
a student’s interests and motivations can- 
not be changed. Indeed, we should expect 
that they will change, as the student is led 
by the faculty to see the profession, and 
his part in it, more and more clearly. 
Thus, at any given stage in his academic 
career, the student’s “readiness” for ef- 
fectively learning a given type of ma- 
terial will depend on his present interests 
and purposes, which will in turn be con- 
ditioned by his past learning experiences 
and by the way he views the future. 

2. The “internal logic’ of a subject- 
matter field has frequently been found to 
be meaningless if the material is not al- 
ready within the experience of the stu- 
dent. To the engineering teacher, with 
his mastery of the concepts and abstract 
ideas of his field of specialization, the 
“internal logic” of a subject may have 
great appeal. Starting with the intro- 
duction of basic concepts and the develop- 
ment of fundamental principles, he can 
derive the whole superstructure, including 
the special cases, and the eventual sim- 
plified design equations. It all forms a 
logical pattern, and appeals to his sense 
of order. In advanced work, there is a 


very real need for this type of structuring 
of any field of knowledge. But the plain 
fact is that when a student is being intro- 
duced, for the first time, to a new set of 
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concepts and ideas, his understanding 
grows best from a series of experiences, 
the more specific the better. Very often 
a beautiful logical structure is meaning. 
less to him because he cannot understand 
“what it is all about.” This series of in. 
troductory experiences may not lend it. 
self to any logical pattern, yet from the 
student’s point of view it yields him, 
foothold which the “logical order” method 
may deny him. In the initial formation 
of sound and correct concepts, it has been 
found effective to bring the student into 
contact with the material at several di. 
ferent times, from different viewpoints 
and at different levels of difficulty. 

3. Learning has been found to be most 
effective if generalizations and abstract 
ideas are based on the student’s exper- 
ences with specific and concrete material, 
and if the student makes his own orgawi- 
zation from his own experiences for pw- 
poses that are meaningful to him ani 
suited to his own maturity. This sum- 
mary statement embodies the two point 
already mentioned, and adds a thiri 
namely that it is valuable to “set th 
stage,” so that the student can make hi 
own relational structure, at his own leve, 


of the material he is learning. The er: 
dence from the research indicates that i 
is the process of going from the under 
stood to the new, from the specific to th 
general, and from the concrete to th 
abstract, which allows the student cor 
stantly to reorganize his thinking 4 
succeedingly advanced levels of sophit 
tication. In this way, difficult abstrat 
concepts are soundly built up, and ever 
tually the student is ready to attempt # 
organization of the whole field, and to ap 
preciate its internal logic, because now it 


components and relationships have mea 
ing for him. 

4. Learning is an actual activity. Fu 
a long time, learning was thought of as! 
kind of absorbtion process. Gradually,® 
ways of teaching other than the lect 
method were tried, and as the body ¢ 
research information in both psycholog 
and education grew, it became apparel 
that the word “activity” conveys a mut 
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truer picture of what the learning process 
actually is. In the light of the research, 
learning is now conceived as modification 
of behavior, whether this behavior is a 
method of skiing, or a method of attack- 
ing a problem, or an active set of atti- 
tudes. In order for this modification of 
behavior to occur, the learner must in- 
teract with his environment, whether this 
environment be a complex of ideas or a 
playing field. In other words, the learner 
is active. Educational activities which re- 
quire the learner to participate actively 
are therefore valuable, and this is the 
basis, in educational theory, of the so- 
ealled “project method.” Engineering 
education, with its laboratories, field trips, 
research studies, and construction proj- 
ects, is particularly well equipped with 
opportunities for active student partici- 
pation. Seminars, group investigations, 
and individual study are also valuable 
ways to encourage “active” learning. 
Even the lecture method, inherently 
fraught with the ever-present possibility 
of an entirely passive audience simply 
copying the blackboard, can, if properly 
handled, trigger a tremendous amount of 
aggressive mental action in the classroom. 

5. Learning has been found to be more 
effective if students feel they have a share 
in planning the goals and the process. 
Quite apart from the impressive amount 
of evidence on this point, there are other 
interesting aspects to consider. The value 
of activity in learning has been mentioned 
earlier. Here the opportunity is to uti- 
lize activity, not only to enhance learn- 
ing of subject matter, but also to focus 
student attention on goals and on the 
learning process itself! Also, from the 
standpoint of the evidence about the need 
to “start where students are,” allowing 
students to share in the planning of a 
‘course can be a highly useful method of 
assessing present status. Still further, 
we may note the value of developing, in 
the students, the feeling that material and 
method is, at least partially, their own 
responsibility, and geared to their own 
goals and backgrounds. 
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6. Attitudes and emotions brought by 
a student to a learning situation have been 
found to affect greatly the student’s ability 
to learn. In several ways, engineering is 
in a particularly favorable position in this 
regard, since most of the students study- 
ing in this field are doing so because they 
want to. The glamor and obvious im- 
mediate applicability of the physical sci- 
ences in general, and of engineering in 
particular, predispose the student in a 
way very conducive to maximum learning. 
Also, there is very little chance for previ- 
ously acquired emotional bias to affect 
learning, as is frequently a problem in 
areas such as philosophy, sociology, or 
aesthetics. Engineering courses are gen- 
erally not required if the student is 
specializing in another field, whereas the 
reverse is not as true. This means that 
with a few exceptions, engineering courses 
are not attended with the attitude implied 
by the expression, “I have to get this over 
with.” In some engineering courses, how- 
ever, this is the very attitude found, par- 
ticularly where the material is of a non- 
technical nature, as in courses in report 
writing, public speaking, and other aspects 
of professional life. Recognizing the 
value of a positive, constructive attitude 
in facilitating learning, many instructors 
in such courses spend a reasonably large 
block of time at the beginning of the term, 
developing in the students’ minds this 
mental readiness, of which we spoke 
earlier. This can be done by showing, in 
various ways, that the material does have 
a practical value to the student. Obvi- 
ously, too, the attitude of a student to- 
ward his instructor is a powerful force in 
a learning situation. 

7. Learning does not take place in iso- 
lation. Contrary to many earlier ideas, 
the evidence from the research has now 
shown that learning is affected simul- 
taneously by the whole complex of forces 
and situations, within and surrounding 
a human being, no matter where he is, 
He interacts with his environment, and 
thus learns, as a whole person, not simply 
as an “intellect.” Attitudes, desires, and 


capacities are factors that are all molded 
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by, and themselves mold, the opportuni- 
ties, pressures, and the people involved in 
the total learning situation. Thus, many 
complex adjustments take place at once, 


and the “total effective curriculum” is a _ 


sort of vector sum of all the experiences 
with which a student comes in contact. 
The individual and his personality may be 
thought of as forces in a larger field of 
force, which is his total environment. 
Any change anywhere will cause a read- 
justment of the whole field. Indeed, this 
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is the so-called “field theory” of learning, 
which is gaining ever wider acceptance 
among educators as a clear picture of the 
learning process. In this light, consider 
such things as the student’s attitude to- 
ward his future, a feeling of pressure 
from a high work load, or regular con- 
tact with an inspiring faculty member. 
If we are to be realistic about the effee- 
tiveness of our educational process, we 
cannot afford to treat these matters 
lightly. 
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An Engineering Curriculum Designed for 
Today's Student 


By B. LEIGHTON WELLMAN 


Professor of Mechanical Engineering, Worcester Polytechnic Institute 


The engineering curricula of today— 
and yesterday—are “on the block.” They 
are being assailed from many directions 
by innumerable engineers and educators 
who believe that the conventional and 
time-honored program of engineering edu- 
cation is becoming increasingly inade- 
quate for modern needs. The report of 
Dean S. C. Hollister and his committee 
on “Adequacy and Standards of Engi- 
neering Edueation”? has fanned the 
smouldering fire of dissatisfaction, and 
it is probable that many faculty commit- 
tees have been impelled to reexamine 
their own programs. But while commit- 
tees are meeting and debating, papers are 
being written, conferences are being held, 
and the air around every small gathering 
of professors is blue with smoke and argu- 
ment. In all this talk one common fact 
is evident: there are as many opinions 
as there are individuals who hold them. 
Thus it is with some temerity that this 
writer proposes to discuss his own per- 
sonal opinions, and to advance a few 
bold suggestions for the improvement of 
present day engineering curricula. 

Considered from a purely pragmatic 
viewpoint, an engineering curriculum 
should be a carefully designed educational 
process whereby certain specially selected 
but undeveloped raw materials are proc- 
essed and converted into an end product 
having known and desirable characteris- 
ties. It is also axiomatic that any con- 


1‘‘Report of Committee on Adequacy and 
Standards of Engineering Education,’’ Jour- 


of Engineering Education, January, 


tinuously successful process must be ad- 
justable to variations in the incoming raw 
materials, and it must also be improved 
and modified according to the need and 
demand for the outgoing product. It is 
entirely logical, therefore, that the spe- 
cific and detailed design of a curriculum 
should be based upon an accurate and 
realistic evaluation of the high school 
graduate of today and the engineering 
graduate of tomorrow. 


Different Background 


The high school graduate of today is 
very different from his predecessors. His 
education has been designed for living, 
and the question of whether or not this 
has resulted in better citizens need not 
be debated here. For the student who 
wants to become an engineer, the change 
has been detrimental. Since the number 
of hours spent in the classroom and on 
homework has remained the same or been 
diminished, the addition of more interest- 
ing subject matter has obviously reduced 
the time devoted to the three R’s. Basic 
concepts are still being taught, of course, 
but the long hours of drill that make for 
mastery are no longer available. Un- 
fortunately the effect is most pronounced 
in simple arithmetic and algebra. Wit- 
ness the college freshman who can solve 
a quadratic equation (with the proper 
formula), but fumbles pitifully when 
asked to mentally multiply % times %. 
To stem this tide in the elementary schools 
is probably hopeless; in the secondary 
schools the intervention and cooperation 


of college educators may bring about. 
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some improvement; but the engineering 
colleges must realistically recognize to- 
day’s level of achievement in mathe- 
maties, and design their curricula ac- 
cordingly. 

The home life and social environment 
of today’s high school student has also 
changed rapidly and radically from that 
enjoyed by Dad. Sports demand more 
and more time: they must be practiced 
for hours, participated in, cheered from 
the bleachers, and now watched on tele- 
vision. Clubs and organizations spring 
into being on the slightest stimulus to be 
nurtured by more hours of attention. For 
the student who would like to study, the 
number and variety of available distrac- 
tions is almost overwhelming. All of 
these things consume the waking hours, 
and regardless of how we may value 
them, they do precondition the college 
freshman. 


Time Element 


For most of the above activities the 
average high school student has adequate 
time because he is carrying a schedule 
of only four, or at the most five, sub- 
jects’ and his homework requires only an 
hour or two per day. But even the hardi- 
est and most determined young man is 
stunned by the initial impact of his col- 
lege engineering program. This new 
schedule upon which he has suddenly em- 
barked will have five, six or even seven 
major and difficult courses. To this may 
be added orientation lectures, compulsory 
physical education, and probably several 
hours per week of military training. The 
number of intensive classroom and labo- 
ratory hours will total at least 30, and 
may be as high as 35. Certainly his days 
are full and there is little time for dawd- 
ling, but his evenings and weekends are 
also carefully planned. He quickly learns 
to expect 4 to 6 hours of preparation each 
day, and the weekends become only a 
means of completing assignments that 
couldn’t possibly be done during the week. 

That the above description of a typical 
engineering program is not exaggerated 
ean be verified by examining the catalogs 


of the various colleges of engineering 
Credit hours per semester will range 
from 17 to 19, with the majority inelin. 
ing toward the higher figure. Since it is 
a common practice to consider three hows 
of work—classroom, laboratory and prep. 
aration—the equivalent of one credit hou, 
it is apparent that the work week wil 


range from 51 to 57 hours. And this is’ 
for the average student and assignments 


that are not unduly ambitious! Of coure 
it must be admitted that this heavy pn- 


gram has been completed successfully by) 


thousands of young men, but the fat 
remains that today the transition fron 
high school to college is abrupt and dif- 
ficult for many students. 

The general knowledge possessed by 
today’s high school student concerning the 
world around him is amazingly extensir 
and diverse. By close association he has 
somehow acquired a smattering of knowi- 
edge about radio and television, abot 
bicycles and automobiles, about airplane 
and jet engines. But in spite of this i- 
terest in engineered products his acquaitt- 
ance with simple hand tools and element 
ary manufacturing processes is extremely 
limited. Small apartments, basementles 
houses, and increasing urbanization ar 
producing a new generation of manually 
inept and mechanically ignorant fres- 
men. And a surprisingly large numbe 
of these unskilled and inexperience 
young men enter our engineering « 
leges, bringing with them only a desir 
and a probable aptitude for the care 
they have chosen. Certainly an engine: 
ing curriculum ought to be designed ¥ 
correct in some measure this modern é 
ficiency. 


They Want To Be Engineers 


But the great majority of students w 
enter engineering do have one thing? 
common: they want to be engineers, a 
they are normally enthusiastic about th 
prospect; they excitedly anticipate ! 
prompt introduction into the intricat 
of whirring gears, ingenious machilé 
river spanning bridges, towering str 
tures, complex chemical plants, and # 
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of the many magical accomplishments of 
engineers. The bright-eyed eagerness of 
September warms and stimulates the vaca- 
tion-refreshed professors. Months pass, 
interest wanes, and in the cold gray light 
of December it is sadly evident that 
there will be no engineering this year. 
English, History, Language, Chemistry, 
Physies, Mathematics, Drawing—this is 
the diet, almost entirely devoid of flavor 
or seasoning, that must be gulped down 
during the first year. There may be a 
soporific hour per week of well diluted 
engineering orientation, and the drawing 
course may touch upon a few glimmering 
mechanical terms, but in general the meat 
course will not be served until later. Mo- 
tivation is much discussed, but most engi- 
neering colleges have yet to recognize 
its psychological importance by pepper- 
ing the dish to make it tasty. 

We might summarize, at least in part, 
the properties and characteristics of our 
raw material as: 1) a weakness in arith- 
metical skill, 2) inexperience in concen- 
trated study, 3) a lively interest in non- 
academic fields, 4) a lack of simple prac- 
tical experience, and 5) a strong initial 
desire to participate in engineering ex- 
periences. These are generalizations, of 
course, but they are sufficiently charac- 
teristic to warrant sober consideration, 
not only in the design of the curricula, 
but also in the planning of extra-curricu- 
lar activities and student counseling. 


End Product 


Turning now to the end product—the 
result of four years of intensive instruc- 
tion and stern tutelage—let us consider 
what its properties are, or ought to be. 
The engineering graduate will, of course, 
almost inevitably, have acquired a fund 
of facts—more or less related and of some 
utility. But his real strength will lie in 
his sound knowledge of basic principles, 
and his keen appreciation of their possi- 
ble applications. His knowledge of actual 
engineering practice will be meager, but 
his future employer has special methods 
and techniques, and will therefore expect, 
and frequently insist, that he alone can 


give proper instruction here. Hence his 
employer will naturally expect a thorough 
knowledge of fundamental principles and 
little of special topics. This situation is 
commonly acknowledged, and lip service 
given thereto, yet at the same time more 
and more advanced and specialized sub- 
jects are piled on top of the inverted edu- 
cational pyramid. Since the time dimen- 
sions of the pyramid are limited, even 
strained, the downward pressure of the 
advanced material is squeezing out the in- 
troductory subjects. Thus the elementary 
and fundamental topics are being short- 
ened, abridged, and even eliminated. 
Such a course of action must eventually 
weaken the product. Advanced topics 
must, of course, be available to those who 
want and can use them, but not at the 
expense of basic kowledge. 

It has been rather aptly said that the 
engineer is a man who deals with the 
four M’s—men, money, materials and 
machines. Of materials and machines our 
engineering graduate has learned a great 
deal. Of men and money he is apt to be 
colossally ignorant at the time of gradua- 
tion. It is his salvation that in the years 
ahead he will rub shoulders and temper 
with many men, and thereby learn in the 
hard school of experience how to live and 
work with them. But this live and learn 
process could be greatly expedited by a 
few brief studies in psychology, manage- 
ment, and labor relations. 

Of money little or nothing is said dur- 
ing the usual engineering course. The 
physical attributes of materials and ma- 
chines are meticulously studied, but rarely 
are the actual and relative costs men- 
tioned. Labor, materials, and engineering 
are key elements in the cost of a product, 
and their comparative importance is fre- 
quently ignored or dismissed as of little 
interest. Yet students are usually keenly 
and realistically interested in the cost of 
a milling machine, a die, or a ball bear- 
ing. Cost accounting, purchasing, mar- 
keting, and allied subjects might very well 
deserve a small place in the modern engi- 
neering curriculum. 

Outside of his workaday world the en-- 
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gineering graduate should be prepared to 
assume a responsible place in the social, 
cultural, and political work of his com- 
munity. That he has not done so in the 
past has been attributed to his narrow and 
highly specialized education. To correct 
this deficiency many engineering colleges 
have in recent years added a “band of 
cultural subjects” to their already over- 
crowded curricula, but not of course with- 
out some reduction in technical subject 
matter. The width of the “band” varies, 
but the arbitrary figure of 20 per cent 
that has been advocated by proponents 
has been adopted by a number of col- 
leges; other schools have found it neces- 
sary or desirable to limit this aspect of 
their culture to a lesser amount. No at- 
tempt will be made here to list the many 
courses that are customarily included in 
this category, nor to debate their place in 
that list. 


Unresolved Points 


Sincere and well intended as these ef- 
forts toward cultural improvement may 
be, several points remain unresolved in 
the opinion of this writer. Has the in- 
troduction of these courses actually ac- 
complished the desired end? Or is the 
engineer by nature and inclination ex- 
clusively interested only in his own field, 
and therefore immune to the innocula- 
tion? Unfortunately, statistical evidence 
is lacking. How can we accurately estab- 
lish the necessary allocation of time to 
this study, and at what point will the 
soundness of the technical instruction be 
imperiled? Here again the writer knows 
of no unbiased factual information on 
this subject, and it may be that such data 
can never be accurately formulated. Per- 
haps the intangible values ascribed to 
these courses must continue to be ac- 
cepted on faith, but the pressure for more 
and better technical instruction within the 
confines of four years’ time demands a 
more critical attitude. The general cul- 
tural course that crowds or displaces a 
technical subject should certainly be one 
of unquestionable value to today’s grad- 


uate engineer. Any other—however ven. 
erable and hoary—should be suspect. 

It should be understood that the writer 
is by no means antagonistic to the ine. 
sion of nonengineering subjects in the 
engineering curriculum, but rather feels 
that these courses should be selected with 
the greatest care. They will necessarily 
be introductory in nature and designed 
primarily to implant the seed of intd- 
lectual curiosity. Though most of the 
seed will fall on barren soil, some will 
germinate and flourish for many years 
under the cultivation of a natural inter. 
est. Immature freshmen having a pn- 
nounced scientific bent are notably m- 
receptive to such subjects, but mature 
juniors and seniors are inclined to be 
more appreciative of their potential value, 
hence it would be desirable to put the nor- 
technical courses into these later years. 


Desirable Characteristics 


In summary, our end product should 
possess the following desirable charac- 
teristics: 1) a sound fundamental knovl- 
edge of engineering facts and principles 
2) a limited introductory knowledge of 
advanced topics, 3) some knowledge of 
human relations, 4) an appreciation o 
monetary values in engineering, 5) 1 
breadth of interest that will enable hm 
to fit usefully and harmoniously into the 
life of his community. Achievement 0 
these objectives should be the goal of ou 
engineering colleges. 

If it is agreed that the foregoing ob- 
jectives are desirable, and if it is co 
ceded that today’s high school graduate 
has been described with reasonable at 
curacy, then these initial and final cov 
ditions ought to serve as a guide in the 
design of an engineering curriculum. Ani 
the term “design” is used here with al 
the implications of original creative ¢ 
fort. Many curricula are revised, but fer 
have been designed. Revising a curriti: 
lum is customarily and traditionally 
process of shifting small discrete packet 
of knowledge, known as courses, from 
one hour, semester, year, department, 
pigeonhole, to another. The size of tt 


packets 
are rigi 
to mix 
content: 
course | 
dictated 
tents w 
stirred 
mixed 1 
it is 
eould b 
into ne 
that the 
and mo 
than di 
tainly 1 
ping, a 
eliminat 
streamli 
almost « 
depart 
clad wa 
of all. 


If we 
before 
packets 
apparen 
into thr 


FRESHMAN HOURS 


| | 
¥ 


NT 


vever ven- 
spect. 
the writer 
the inelu- 
ts in the 
ther feels 
ected with 
recessarily 
| designed 
of intel- 
st of the 
some vill 
any years 
ural inter- 
ng a pr- 
stably un- 
ut mature 
to be 
itial value, 
it the non- 
r years, 
cs 
uet should 
le charae- 
tal knovl- 
principles, 
wledge of 
wledge of 
ciation of 
ing, 5) a 
nable hin 
Ly into the 
vement oi 
of our 


egoing ob- 
it is con 
1 graduate 
onable 
final 
ide in the 
um. Ani 
e with al 
reative 
but fer 
a curricl- 
itionally 
te packets 
rses, from 
rtment, 0 
size of the 


ENGINEERING CURRICULUM DESIGNED FOR TODAY’S STUDENT 473 


packets may be altered, but the contents 
are rigidly prescribed and rarely allowed 
to mix with, or be contaminated by, the 
eontents of closely related packets. Of 
course the dimensions of the packets are 
dictated by the clock, but if all the con- 
tents were dumped into a common vessel, 
stirred with an enlightened spoon, and 
mixed with understanding and tolerance, 
it is entirely possible that the mixture 
could be strained, sorted, and recombined 
into new packets. And it is conceivable 
that these new units might form a better 
and more logical sequence of instruction 
than did the original assortment. Cer- 
tainly much of the repetitious, overlap- 
ping, and extraneous material could be 
eliminated, but this integration and 
streamlining could be achieved only by an 
almost complete disregard for traditional 
departmental domains. And these ivy- 
clad walls would be the greatest obstacle 
of all. 


Logical Parts 


If we boldly proceed, however, to spread 
before us the total contents of all the 
packets of knowledge, it would soon be 
apparent that the whole can be divided 
into three logical parts: 


~ MATERIALS & PROCESSES 


ENERGY 


FRESHMAN HOURS 


1) The languages of engineering, of 
which there are three: mathematical, 
graphical, and verbal. These three modes 
of expression are employed continually 
by the engineer, and he must become flu- 
ent in their use at an early stage of his 
studies. They might also be called the 
“tool courses” of engineering. 

2) The general field of engineering, in 
which there are three broad divisions: 
materials and processes, energy, and per- 
sonnel. Knowledge and understanding in 
these three fields must logically be fol- 
lowed by use and application in order that 
the separate principles of each may be 
integrated and directed into two channels: 
design or synthesis, and testing or analy- 
sis. 

3) The studies in living, of which there 
are many. These are the studies that 
lead toward a broader viewpoint and a 
more tolerant understanding of the non- 
engineering world in which the engineer 
must live. They are—to some degree— 


essential to his social and personal de- 
velopment. 

Within each of the above broad elassi- 
fications of knowledge, logical sequence 
and desired achievement should be of 
paramount importance. 


The stream of 


TESTING — ANALYSIS 


SENIOR HOURS 


YEAR > 


Fig. 1. 


—<-3rd. YEAR 4th. 


The tapered engineering curriculum in conventionalized form. 
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learning should flow smoothly and con- 
tinuously forward even though the pace 
must be adjusted to that of parallel and 
concurrent studies. For administrative 
and calendar reasons the flow will be 
regularly interrupted, but the division of 
knowledge into individual courses should 
not be unduly influenced or prejudiced 
by presently existing courses, staff idio- 
syneracies, or departmental organizations. 
Neither should the divisions of knowledge 
be so small as to scatter attention or 
break the unity of learning. Five sub- 
jects at any one time would be a de- 
sirable maximum. 

Without attempting to further sub- 
divide the above fields of learning, let us 
fit these major units into the standard 
four-year program. The chart shown in 
Fig. 1 is a conventionalized representa- 
tion of the proposed course of study. 
The height of the chart is proportional 
(ideally) to credit hours per semester (or 
hours of study per week). It tapers from 
a relatively light program at the begin- 
ning of the freshman year to a somewhat 
heavier schedule during the senior year. 
This feature is obviously designed to ease 
the transition from high school to col- 
lege. The heavier schedules of the junior 
and senior years can easily be carried by 
these mature and more experienced stu- 
dents. 


Languages of Engineering 


During the first two years the lan- 
guages of engineering—verbal, graphi- 
cal, and mathematical—begin heavy and 
taper to completion as shown by the 
shaded triangular areas. At the same 
time the engineering courses—divided 
into only two broad classifications—begin 
light and gradually increase in time al- 
lotment. These five areas represent five 
course sequences, and the relative heights 
of the areas represent the approximate 
allotment of time to each field. (Physical 


education and military training have been 
omitted from the chart but must be con- 
sidered in the total time allotment.) Be- 
cause of its vital importance, and for 
reasons previously discussed, mathematics 


has been given the largest initial share 
of time. 
entering freshman has had little or no 
previous instruction in this field. Verbal 
is third because it has received consider. 
able attention in high school. 

Materials and processes should begin 
in the shop with the forming and fabriea. 
tion of common materials. This is not 
only a simple and elementary starting 
point, but it is also an opportunity to 
acquaint the novice with the basic tools 
of engineering and to fill certain voids in 
his vocabulary. The chemistry and me 
allurgy of materials would follow. 

Energy in its various forms—mechaui- 
eal, thermal, electrical, atomic—shouli 
also be studied in orderly sequence, and 
that order would not necessarily be that 
of classical physics, nor would all topic 
necessarily be taught by physicists 
Theory and engineering application 
would be taught in unison in engineering 
laboratories with engineering equipment 
by engineers. 

During the last two years the engineer 
ing courses gradually lighten to allor 
inereased time for allied subjects, living 
and personnel courses. At the beginnix 
of this last two-year period the student 
will have acquired a sufficient basic know! 
edge of materials and energy to embat 
upon the more creative work of desig 
and analysis. Here he must draw up 
his entire fund of knowledge, employ i 
of his tools, and combine ideas from var: 
ous sources to solve his problems. Thi 
is the synthesis of all that has gone 
fore. Here too will be the testing @ 
larger and more complex equipment, tit 
analysis of performance where differet! 
sciences and principles are involved. 

The allied subjects include those fieli 
of engineering that lie slightly outside th 
chosen major field of study but are ® 
closely akin to it that they must necé 
sarily be included in the program. Tt 
studies in living and personnel are i 
eluded in this later period in order thi 
the more mature students may better 
preciate their values. 


Graphics is second because the | 


FRESHMAN HOURS 


Fig. 
Fig. 1 
adapte 
Here t 
have | 
blocks 
tional 
of Fig. 
underst 
pattern 
trative 
signifie: 
tive hei 
consecu 
diminis 
tional ¢ 
the iney 


Here 
is a pa 


Nieula, 


| 
| 


NT 


itial share 
yecause the 
ttle or no 
d. Verbal 
1 consider. 


ould begin” 


nd fabrica- 


“his is not} 


starting 
ortunity to 
basic tods 
in voids in 
y and me- 
Ow. 
—mechati- 
nie—should 
uence, and 
ily be that 
1 all topics 
physicists. 
ip plications 
engineering 
equipment 


le engineer: 
n to allov 
ects, living, 
e beginning 
the student 
yasie knowl: 
to embark 
of design 
draw 
employ 
; from var: 
lems. Thi 
as gone bt 
testing 
ipment, the 
re differet! 
volved. 
those fie 
- outside the 
but are 
must neces 
gram. Th 
nel are it 
. order thi! 
y better af 


ENGINEERING CURRICULUM DESIGNED FOR TODAY’S STUDENT 475 


MATERIALS & PROCESSES 


= FRESHMAN HOURS 


SENIOR HOURS 


Fic. 2. The tapered curriculum as it might appear in standard credit hour form. 


Fig. 2 shows the general pattern of 
Fig. 1 as it might appear after being 
adapted to standard credit hour form. 
Here the ideal triangles and trapezoids 
have been changed to the rectangular 
blocks necessitated by traditional educa- 
tional procedure, but the general trends 
of Fig. 1 are still apparent. It should be 
understood, of course, that the particular 
pattern shown in Fig. 2 is purely illus- 
trative of a broad concept: no special 
significance should be attached to the rela- 
tive heights of the blocks. The fact that 
consecutive blocks do not increase or 
diminish in perfect order is an inten- 
tional distortion introduced here to show 
the inevitable effect of practical pedagogy. 


Broad Pattern 


Here then, in broad sweeping strokes, 
is a pattern for future engineering cur- 
nicula. Its merits are probably debatable, 


and its method controversial, but it is to 
the best of the writer’s knowledge origi- 
nal. To adapt it to an existing engineer- 
ing college would be a laborious under- 
taking, and one fraught with many dan- 
gers and dislocations. It is probable 
that present tool courses could easily be 
adapted to this new pattern; the studies 
for living could be culled from a very 
wide field of learning without serious 
dissension ; courses in personnel are young 
and flexible, hence very adaptable. But 
the division of engineering courses into 
two broad streams of logically integrated 
learning could only be achieved by a com- 
plete reexamination and reevaluation of 
the sum total of undergraduate engineer- 
ing studies. The task is by no means im- 
possible, but it would require the co- 
ordinated efforts of a group of learned 
and determined scholars. And the fruit 
of their labors might be sweet and nour- 
ishing to future generations of engineers. 


VERBAL. 
MATHEMATICS, 
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Writing as Communication: The Engineer 
Must Learn How to Reach His Constituents 


By JOHN I. MATTILL 


Director of Publications, Massachusetts Institute of Technology 


My own professional interest is in 
writing on technical subjects for audi- 
ences with limited technical background 
—sometimes none at all. This suggests 
that you are going to hear principally an 
account of the wonders of popularization 
—the work of Rudolf Flesh, and the other 
ways of making unpalatable material 
more useful to semi-technical and popu- 
lar audiences. Before I reach this stage, 
however, there is a more fundamental 
subject of journalism to be considered; 
for I am deeply concerned with the broad 
relations of science and engineering to 
popular writing. 

Journalism about scientific events has 
traditionally dealt with facts. Atomic 
fission has been described in popular lan- 
guage so many times since 1945 that it 
must now be as near to “common knowl- 
edge” as any scientific subject of moderate 
complexity. The electrons crossing be- 
tween cathode and plate of a vacuum tube 
have been exposed to countless com- 
parisons with more graphic phenomena. 
Members of the National Association of 
Science Writers have been writing good 
accounts of the accomplishments of 
science and engineering—such as these— 
for many years. 

Yet those of us in public relations for 
science or technology discover, nearly 
every day, that something is missing. 
We have communicated facts—but we 
may have failed to communicate meaning. 
We have reached the ultimate point where 
we have to say, “I’m sorry but that comes 
out of the theory of relativity, and it’s 
very difficult, if not impossible, to ex- 


plain without quite a bit of physics and 
mathematics. You’ll have to take it m 
faith.”+ But through all this we do ni 
seem to have conveyed an understandable 
concept of what a scientist or engineer is 
really trying to do, what he can and can- 
not do, what are his purposes, how dos 
he go about his stated work, . . . indeed, 
what science and eng*neering really mean. 

You will all rememver how the spring’ 
concentration of tornadoes inspired calk 
for Congressional investigations of th 
Atomie Energy Commission—in the fate 
of the most serious and careful deliber- 
tions and denials from all manner 
scientists. I am worried that the demant 
were made; and I am worried that they 
could be taken so seriously, on so maly 
sides, for this reflects a basic misconeep- 
tion of what scientists can learn with whit 
degree of certainty. It is a demonstration 
of the common difficulties in understani- 
ing what the scientist and engineer i 
about. 


Major Misconception 


The tendency in journalism seems 
be to set scientists apart as experts—ik 
statues towering above and uncomprehent- 
ing of other mortals. But this is a majit 
misconception : a scientist is not, after al, 
any more elevated than his fellow ma 
Are not scientists and engineers vel! 
much like the rest of us, so far as thet 
approach to their problems is concernei! 
“The stumbling way in which even th 
best of the scientists in every generatitl 
have had to fight through thickets of ¢& 
roneous observations, misleading gt 
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WRITING AS COMMUNICATION 


eralizations, inadequate formulations, and 
mneonscious prejudice is largely neg- 
lected by those expounders of the alleged 
scientific method who are fascinated by 
the logical rather than the psychological 
aspects of experimental investigations,” 
says Dr. James B. Conant in his useful 
volume on “Science and Common Sense.” 2 

It is hard, too, for those steeped in the 
tradition of scientists as experts to un- 
derstand that these men admit and com- 
fortably live with an inability to resolve 
some of the basic facts of the physical 
world . . . the wave vs. the corpuscular 
theories of light, for instance. The scien- 
tist’s answer to a question on this matter 
is simply that the question has no mean- 
ing: “We physicists have stopped asking 
it; but if you insist, we may say that a 
beam of light is at one and the same time 
a set of particles and waves. If the 
solidity of matter seems to have gone out 
from under you, don’t for a moment 
think that this has impeded the advance 
of science, for quite the contrary is the 
case,” as Dr. Conant expressed it in recent 
lectures at Columbia University.® 

The dependence of scientists and engi- 
heers on communication among themselves 
is another of the factors not commonly 
understood by nonscientists. But it must 
be a basic consideration in national policy 
bearing on the classification of scientific 
work and the international exchange of 
information and of scientists themselves. 
Only when you understand what science 
is and how it operates can you see what 
is meant by the familiar comment that no 
scientific fact can long remain a secret 
from another scientist. Only when you 
know something about what Dr. Conant 
has chosen to call “the tactics and strategy 
of science” can you see why the so-called 
McCarran Act is subject to such wide- 
spread criticism from scientifie and pro- 
fessional people. 

These are some of the things about 
science which need to be better known 
throughout this country, by people in 
non-scientific activities and especially by 
people who administer work which de- 
Pends on scientists or engineers. This 
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includes the vast majority of our voting 
citizens, the “new lay administrators of 
science,” they have been called. 

As I see it, this problem relates very 
especially to teaching engineering and 
science students how to write and to be in 
general articulate. These are things about 
science and engineering which your stu- 
dents may need to put across to their 
supervisors in years to come. They are 
things which all scientists and engineers 
must carry to their “constituents” every- 
where. This seems to me of paramount 
importance to students of science and 
engineering because they will be in the 
small minority of our citizens who have 
behind them the experience of work in 
science or engineering. Laymen, Dr. Con- 
ant says, fail to understand “the tacties 
and strategy of science” because of a 
fundamental ignorance of what science 
can or cannot accomplish; only those 
who have personal experience in the pro- 
fession seem able to overcome this hazard; 
theirs is a special point of view which 
comes only from work in science or engi- 
neering. 


Communicating Ideas 


If the future of science depends on how 
widely scientific activity is understood— 
and this may indeed be the case—then the 
future of science may well depend on 
how literate is our coming generation of 
scientists and engineers—on how well they 
can tell this story to those whom they 
meet. Telling it is not an easy task at 
best, and my frequent references to Dr. 
Conant’s writings are intended to be 
most complimentary. He has written 
and talked about these things in an ex- 
traordinarily effective way—in lectures at 
Yale University, published as “On Under- 
standing Science”* later expanded to 
“Science and Common Sense,” and at Co- 
lumbia University, published as “Modern 
Science and Modern Man.” 

Already my approach to this matter 
of writing has been that of a journalist: 
I am concerned more about communica- 
tion than grammar; I put the utilitarian 
aspects of our language ahead of the — 
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academic. This is to say, I do not con- 
sider writing to be principally a problem 
of grammar and syntax, vocabulary as 
such, and precise expression. I try not 
to spend most of my effort on the frills 
and decorations: a split infinitive holds 
no terrors, and punctuation can be put 
in or left out on the basis of its need for 
adequate comprehension. I consider writ- 
ing as a problem of effectively communi- 
cating ideas. 

This approach begins with an analysis 
of the audience for which the writing is 
intended—its requirements as to subject 
matter, interpretation, and readability. 
Words must be tailored to the audience 
which will read them—be that audience 
the technical director, the project finan- 
cial officer, the company executive, the 
industrial specialist, the scientist in an 
unrelated area of interest, the nonscien- 
tist with a clear interest in the subject, or 
the nonscientist who has no apparent 
reason to care. 

Tailoring writing to its audience is not 
so easy as it may sound. The audience, 
in general, knows less about the subject 
than you or I anticipate—and, almost 
without exception, needs more interpre- 
tive information than most of us would 
normally choose to provide. This busi- 
ness of tailoring writing to its audience is 
the principal point of the applied psy- 
chology developed by Dr. Rudolf Flesch 
of Columbia University. His books— 
“The Art of Plain Talk” or the later “The 
Art of Readable Writing” 4*—are the 
best demonstrations I know of the prac- 
tical value of what he has to say. These 
books are often used as textbooks of 
writing; they need to be supplemented 
principally by some good thinking on 
the nature and methods of interpretation 
in writing. 

Journalists’ Approach 


The journalists’ approach to learning 
how to write is to write—just as some 
learn to swim by being tossed off a pier 
into deep water. The analogy can per- 


haps be carried further: after that first 
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start, swimming strength is built up by 
watching and copying others and by 
swimming more and more in the proces 
. . . not by listening to and practicing 
stylized techniques. The result may no 
be suitable for the Olympies—few jow. 
nalists claim that their works are literary 
masterpieces—but it surely prevents 
drownings. 

When this approach is applied to teach. 
ing writing, you are sure to end up with 
someone who can write something—wh 
is not completely tied in knots by the ap. 
pearance before him of an assignment and 
a typewriter. 

What he is asked to write about is aly 
important. Journalism by definition is 
writing about real events; journalism 
schools keep away from assignments whic 
involve their students in theoretical w 
imagined situations. 

In the engineering environment, som 
writing can clearly be a part of ther 
quirements of other courses, taking tle 
form of laboratory reports and assignei 
papers. But most of it should be fr 
even larger ends—for actual publicatin 
and so for actual service in the busines 
of communicating ideas. This can mew 
publication in the college newspaper, « 
in the school’s magazine. But, most im 
portant I think, it can mean contributix 
to technical and professional journals «i 
national scope. 

There are several hundred such jou 
nals.5 Many of their editors are anxiou 
to have good technical reporting abv 
the research activities in colleges and w: 
versities—and, to a lesser extent, abot 
the educational developments as well. 

Let engineering English students tm 
themselves into reporters; with your he) 
as editor, they can be sure of turning 0 
something—and before long, too—whit 
can end up in print with a by-line #! 
often a small check to make the ultim 
reward a financial as well as a professial! 


one. 

My enthusiasm for this proposal ! 
based on personal experience. I @ 
testify to the inspiration which comes! 
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a student who deals directly with the 
editor of a publication which he sees and 
respects—who perhaps becomes that edi- 
tor’s unofficial correspondent for the col- 
lege in which he studies. This motiva- 
tion is worth a great deal. It combines 
the experience and training in writing 
with the professional advancement and 
orientation which comes to an author. I 
think it can help us turn out literate engi- 
neers who find writing a pleasant and 
perhaps even easy experience. 
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College Notes 


The University of Michigan, College of 
Engineering, has announced two Inten- 
sive Courses in Automatic Control. The 
first is scheduled for June 14 to 19 in- 
elusive, and the second for June 21 to 23, 
1954, inclusive. The courses are built 
around the principles and application of 
measurement, communication and con- 
trol. Course I will consist of the funda- 
mentals in each of these fields and will 


include some fundamental work in non- 
linear systems. Course II will take up 
applications of the fundamentals to more 
advanced problems. 

April 15 is the closing date for regis- 
tration. Further information may be ob- 


tained by writing to Professor M. H. 
Nichols, room 1523, East Engineering 
Building, University of Michigan, Ann 
Arbor, Michigan. 
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ASEE Summer 


Science and technology are moving 
rapidly ahead in broad areas which hold 
significant promise for the future of 
engineering. In order to assure maxi- 
mum progress in engineering education 
and to expedite the translation of new 
fundamental concepts into engineering 
practice, the American Society for En- 
gineering Education is inaugurating this 
year a series of conferences to be known 
as Summer Institutes. This program 
will help to implement the recommenda- 
tion of the ASEE Committee on Engi- 
neering Education that modern physics, 
including nuclear science and solid state 
physics, should become an essential study 
in engineering education. 

Each Summer Institute will deal with 
a specific subject matter area. The pur- 
pose of the Summer Institute is to seek 
out and clarify fundamental concepts, to 
assess the material as to its importance 
in engineering education, and to arrive 
at a logical orderly pattern for teaching 
purposes. By this positive approach, it 
is hoped to bring engineering education 
into closer proximity to the significant 
new developments which will affect its 
future. In these conferences, the diver- 


gent viewpoints of the research engineer, 
the scientist, and the educator will be 
brought to bear upon the problems. 

Two Summer Institutes are planned for 
1954—one in Sold State Physics in En. 
gineering Education and the other in 
Nuclear Physics in Engineering Educ- 
tion. Both conferences will be financed 
by grants from the National Science 
Foundation. Each Summer Institute will 
consist of a working conference of 20 to 
30 leading authorities in the particular 
field who will make a comprehensive 
analysis of the material and lay the 
groundwork for the open conference, 
The open conference will feature about 
6 to 8 of the participants of the working 
conference, discussing important funda 
mental concepts and organization of the 
subject matter as it relates to engineering 
and engineering education. There wil 
be ample opportunity for open discussion 
by those in attendance. 

These conferences are supported i 
part by grants from the National Science 
Foundation. The American Institute of 
Physics is cooperating in the Nuclear 
Science Foundation. 


Solid State Physics in Engineering Education 


University of Illinois—March 8-10, 1954 


This will be a working meeting of leading physicists and engineers specializixg 
in this field. Attendance by invitation only. 
Carnegie Institute of Technology—June 21-25, 1954 


Open to engineering and physics teachers. 


Attendance will be limited to 15). 


For information and registration forms write to Professor John W. Grahat, 
Carnegie Institute of Technology, Pittsburgh, Pa. 
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Nuclear Science in Engineering Education 


Columbia University—April 22-24, 1954 
This will be a working meeting of leading physicists and engineers specializing 
in this field. Attendance by invitation only. 

Northwestern University—September 7-11, 1954 
Open to ASEE members. Attendance will be limited to 100. For information 
and registration forms write to Professor Robert L. Young, Technological In- 
stitute, Northwestern University, Evanston, Ill. 


ASEE Summer Schools—1954 


The following Summer Schools, sponsored by ASEE Divisions, are open to ASEE 
members. For information and procedures as to registration, please write to the 
person indicated in connection with the particular Summer School. All of the Sum- 
mer Schools at the University of Illinois either precede or follow the Annual Meeting 
so that those in attendance can combine Summer School attendance with attendance 
at the Annual Meeting. The program for the Annual Meeting of the ASEE will be 
mailed to Society members during the last week of April. 


Economies of Engineering Summer School sponsored by the Engineering Economy Commitee. 


Theme: ‘‘ An Evaluation of Analytical Techniques of Engineering Economy.’’ 

Time: June 12-13, 1954. Place: University of Illinois, Urbana, Il. 

Information: Professor Arthur Lesser, Jr., Head, Industrial Engineering Dept., Stevens 
Institute of Technology, Hoboken, N. J. 


Electrical Engineering Summer School sponsored by the Electrical Engineering Division. 


Theme: ‘‘The Elements of Design of Digital Control Circuits.’’ 
Time: June 18-20, 1954. Place: University of Illinois, Urbana, Ill. 
Information: Dr. L. V. Bewley, Dean of Engineering, Lehigh University, Bethlehem, Pa. 


Summer School in Advanced Engineering, with Emphasis upon Development of Creative 
Thinking jointly sponsored by Educational Methods Division and General Electric Co. 
Attendance by invitation only. 


Time: Aug. 30-Sept. 4, 1954. Place: Schenectady, N. Y. 
Information: R. H. Buescher, Technical Education, General Electric Co., Schenec- 
tady, N. Y. 


Workshop for Humanistic-Social Project sponsored by Humanistic-Social Division. 


Time: June, 1954. Place: University of Illinois, Urbana, Ill. 
Information: Professor Sterling Olmsted, English Dept., Rensselaer Polytechnic Insti- 
tute, Troy, N. Y. , 
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Engineering Mechanics Summer School sponsored by the Engineering Mechanics Division, 


Theme: ‘‘Evaluation of the Engineering Significance of Graduate Training in 
Mechanics.’’ 

Time: June 11-12, 1954. Place: University of Illinois, Urbana, Ill. 

Information: Professor Dan Pletta, Virginia Polytechnic Institute, Blacksburg, Va. 


Alle; 
Summer School sponsored by the Mechanical Engineering Division. ' 


Theme: ‘Teaching of Machine Design and Manufacturing Processes.’’ 
Time: June 18-25, 1954. Place: University of Illinois, Chicago, Ill. Tllin 
Information: Professor K. E. Lofgren, Machine Design, Cooper Union, New York, N.Y, 
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Section 


Allegheny 


Illinois-Indiana 


*Kansas-Nebraska 
Michigan 
Middle Atlantic 
Missouri-Arkansas 


National Capital Area 


New England 


North Midwest 


Ohio 

Pacific Northwest 
Pacific Southwest 
Rocky Mountain 
Southeast 


Southwest 


“Upper New York 


Section Meetings 


Location of Meeting 
University of 
Pittsburgh 


Illinois Institute of 
Technology 


University of 
Nebraska 


University of Michigan 


Lafayette College 


Missouri School of 
Mines 


Catholic University 


Massachusets Insti- 
tute of Technology 


Michigan College 
of M. and T. 
Ohio State University 
Oregon State College 
California Institute 
of Technology 
University of Utah 
North Carolina State 


College 
University of Texas 


Cornell University 


Dates 
April 30- 


May 1, 1954 


May 15, 1954 


Fall, 1954 
May 8, 1954 
May 8, 1954 
April 10, 1954 


May 8, 1954 


Oct. 9, 1954 


Oct. 8-9, 1954 


May 1, 1954 


April 23-24, 
1954 


Dee. 28-29, 
1954 


May 14-15, 
1954 


March 25-27, 
1954 


April 16-17, 
1954 


October, 1954 


Chairman of Section 


W. I. Short, 
University of Pitts- 
burgh 

R. G. Owens, 

Illinois Institute of 
Technology 

M. H. Barnard, 

University of Nebraska 

F, L. Schwartz 

University of Michigan 

H. M. Jenkins, 

Swarthmore College 

V. J. Blum, 

St. Louis University 

C. H. Walther, 

George Washington 
University 

E. R. McKee, 

University of Vermont 

C. J. Pratt, 

Michigan College 
of M. and T. 

R. S. Paffenbarger, 

Ohio State University 

L. Slegel, 

Oregon State College 

B. M. Green, 

Stanford University 

A. Diefendorf, 

University of Utah 

J. R. Cudworth, 

University of Alabama 

J. J. Heimerich, 

University of New 
Mexico 

N. A. Christensen, 

Cornell University 


Members of the Society are welcome at all Section Meetings 
*No Date Set. 


483 JourNAL oF ENGINEERING EpucaTION, APRIL, 1954 


New Members 


ANDERSON, WALLACE, Professor and Head of 
Physies Department, The Citadel, Charles- 
ton, S. C.-C. T. Razer, John Anderson. 

ANTOINE, TAMLIN C., Associate Professor of 
Technology, Hampton Institute, Hampton, 
Va. H.S. Shivar, L. K. Downing. 

APPEL, DAvip, Instructor in Mechanics and 


Hydraulics, State University of Iowa, 
Iowa City, Iowa. C. J. Posey, F. M. 
Dawson. 


AvuLD, Rosert B., Industrial Coordinator, 
Assistant Professor of English, Fenn Col- 
lege, Cleveland, Ohio. M. B. Robinson. 

AUSTIN, WILLIAM W., Associate Professor 
of Mechanical Engineering, N. C. State 
College, Raleigh, N. C. J. K. Whitfield, 
J. S. Doolittle. 

BarcLay, LELAND, Associate Professor of 
Civil Engineering, University of Texas, 
Austin, Texas. J. S. Doughtie, J. A. 
Focht. 

Barker, RicHarp C., Instructor in Electrical 
Engineering, Yale University, New Haven, 
Conn. A. G. Conrad, H. J. Reich. 

BavueH, Rosert L., Assistant Professor of 
Electrical Engineering, Colorado School of 
Mines, Golden, Colo. H. E. Fletcher, 
A. L. Gosman. 

BERKNER, Luoyp V., President of Associated 
Universities, Inc., New York, New York. 
E. A. Walker, E. B. Stanley. 

BEYER, GERHARD H., Associate Professor of 
Chemical Engineering, Iowa State College, 
Ames, Iowa. D. R. Boylan, C. O. Frush. 

Boaeess, Rosert L., Instructor in Electrical 
Engineering, University of Kentucky, Lex- 
ington, Ky. H. A. Romanowitz, C. T. 
Maney. 

Boyp, Lanpis L., Associate Professor of 
Agricultural Engineering, Cornell Univer- 
sity, Ithaca, N. Y. O. C. French, H. E. 
Gray. 

Brown, Howarp E., Associate Professor of 
Mechanical Engineering, University of 
Texas, Austin, Texas. R. D. Slonneger, 
B. E. Short. 

Brown, OTto G., Instructor in Mechanical 
Engineering, University of Texas, Austin 
12, Texas. R. D. Slonneger, B. F. Treat. 


Brown, WARREN O., Dean of Men, Univer. 
sity of Illinois, Chicago, Illinois. M. V, J, 
Dembski, S. E. Shapiro. 

BrusH, Don O., Instructor in Applied Me. 
chanics, University of Illinois, Urbana, 
Ill. A. P. Boresi, W. E. Black. 

Buc, Brernarp J., Instructor in Design, 
Academy of Aeronautics Inc., New York, 
N. Y. W.M. Hartung, C. S. Jones. 

Cuu, Tine Y., Assistant Professor of Civil 
Engineering, Iowa State College, Ames, 
Iowa. L. O. Stewart, D. T. Davidson. 

CLARK, JOHN W., Assistant Professor of 
Civil Engineering, New Mexico College of 
A. & M. Arts, State College, N. M. M.A. 
Thomas, F. Bromilow. 

Cops, CHARLES N., Associate Professor of 
Industrial Management, Alabama Poly. 
technic Institute, Auburn, Ala. W. H. 
Francis, L. M. Sahag. 

CopER, CHARLES H., Jr., Assistant to Direc. 
tor, Academy of Aeronautics, New York, 
N. Y. W. M. Hartung, C. 8S. Jones. 

Cogan, IsAporE, Assistant Professor of 
Electrical Engineering, Drexel Institute of 
Technology, Philadelphia, Penna. W. A. 
Holland, Martin Kaplan. 

CorMENY, ALVIN E., President of Worcester 
Polytechnic Institute, Worcester, Mass. 
W. Roys, A. H. Holt. 

DEEGAN, J. WAYNE, Professor of Industrial 
Engineering, State University of Iowa, 
Iowa City, Iowa. P. F. Morgan, W. 8 
Hudson. 

Dietz, BERNARD V., Instructor in General 
Engineering, Purdue University, Lafa- 
yette, Ind. C. L. Proctor, W. J. Luzadder. 

Ear.y, Earu J., Line-o-graph owner of busi- 
ness and patents, 644 Drexel Ave., Drexel 
Hill, Pa. Albert Jorgensen, M. C. Mol- 
stad. 

ECKENFELDER, W. WESLEY, JR., Assistant 
Professor of Civil Engineering, Manhat- 
tan College, N. Y. C. Bro. A. Denis, Bro. 
Joseph McCabe. 

EMBERSON, RicarD M., Assistant to the 
President, Associated Universities, Inc, 
New York 1, N. Y. E. A. Walker, E. B. 
Stanley. 
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NEW MEMBERS 


Emerson, RaupH A., Industrial Relations 
Supervisor, E. I. du Pont de Nemours & 
Co., Wilmington, Delaware. H. M. Miller, 
Jr., B. M. Taylor. 

Faunce, Stuart F., Assistant Professor of 
Petroleum Engineering, University of 
Oklahoma, Norman, Okla. R. V. James, 
H. W. Benischek. 

Francis, P. KELLy, Deputy Director, Mich- 
igan Civil Service Commission, Lansing, 
Mich. D. C. Hunt, C. J. Freund. 

FrizzLE, R., Lecturer in Engineering 
Drawing, University of Toronto, Toronto, 
Canada. L. S. Lauchland, A. Wardell. 

GAUSTER, WILHELM F., Professor of Elec- 
trical Engineering, N. C. State College, 
Raleigh, N. C. H. C. Cooke, H. M. Nahi- 
kian. 

GRAHAM, Peter J., Assistant Professor of 
Electrical Engineering, University of Ken- 
tucky, Lexington, Ky. H. A. Romanowitz, 
C. T. Maney. 

GREEN, RoBert B., Associate Professor of 
Physics, Stevens Institute of Technology, 
Hoboken, N. J. E. H. Weinwurm, A. 
Lesser, Jr. 

GREEN, Ropert L., Assistant Professor of 
Agricultural Engineering, Louisiana State 
University, Baton Rouge, La. L. J. Las- 
salle, L. V. McLean. 

GROSSMANN, Evinv D., Instructor in Chemi- 
eal Engineering, Drexel Institute of Tech- 
nology, Philadelphia, Pa. F. A. Fletcher, 
C. E. Fink. 

GuILFoRD, Epwarp C., Assistant Professor 
of Applied Science, Chico State College, 
Chico, Calif. B. M. Green, R. J. Smith. 

HANRAHAN, DoNALD J., Assistant Professor 
of Electrical Engineering, George Wash- 
ington University, Washington, D. C. 
R. P. Egman, John Kaye. 

Harvey, Eric, Instructor in Mechanical En- 
gineering, University of Toronto, Toronto, 
Canada. W. G. McIntosh, I. W. Smith. 

Haueuney, Louis C., Instructor in Physics, 
Gannon College, Erie, Pennsylvania. J.H. 
Zipper, J. J. Freeman. 

HrgMAN, ALDEN R., Instructor in Product 
Engineering, General Motors Institute, 
Flint, Mich. G. Lander, E. D. Black. 

Hautav, H., Instructor in Design, 
Academy of Aeronautics, New York City. 
W. W. Martin, E. G. Jones. 

Hickman, C. ADDISON, Professor and Head 
of Department of Economies, N. C. State 

College, Raleigh, N. C. J. W. Shirley, 

J. H. Lampe. 
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HIRSCHFIELD, SipNEY J., Industrial Coordi- 
nator, College of Engineering, University 
of Detroit, Detroit, Mich. E. C. Flarity, 
J. Freund. 

HorrMaNnn, HENry K., Educational Special- 
ist, F. E. Warren Air Force Base, Cheyenne, 
Wyo. H. P. Adams, C. W. Thompson. 

JOHNSON, ERLE E., Professional Employ- 
ment, Westinghouse Electric Corporation, 
Wilkinsburg, Pa. G. D. Lobinger, C. H. 
Ebert, Jr. 

JUDSON, THEODORE W., Instructor in Product 
Engineering, General Motors Institute, 
Flint, Mich. G. Lander, E. D. Black. 

Kent, Harry L., Jr., Associate Professor of 
Mechanical Engineering, University of 
Texas, Austin, Texas. R. D. Slonneger, 
B. F. Treat. 

KNupson, Epwarp C., Instructor in Engi- 
neering, University of Illinois, Chicago, 
Ill. M. V. J. Dembski, H. R. Goppert. 

LAGEMENN, Rosert T., Professor and Head 
of the Physics Department, Vanderbilt 
University, Nashville, Tenn. F. J. Lewis, 
W. W. Graham. 

LANGDON, HERBERT F., Chairman of the 
Division of Applied Arts & Sciences, Chico 
State College, Chico, Calif. B. M. Green, 
R. J. Smith. 

LeaceETt, J. L., JR., Associate Professor of 
Civil Engineering, University of Ken- 
tucky, Lexington, Ky. R. E. Shaver, 
C. T. Maney. 

LEVINE, GILBERT, Assistant Professor of 
Agricultural Engineering, Cornell Univer- 
sity, Ithaca, N. Y. O. C. French, H. E. 
Gray. 

LOWEN, WALTER, Associate Professor of 
Mechanical Engineering, Union College, 
Schenectady, N. Y. M. F. Sayre, H. G. 
Harlow. 

MANN, CARROLL L., JR., Professor of Civil 
Engineering, N. C. State College, Raleigh, 
N.C. W. W. Boyer, R. E. Fadum. 

MANNES, Rosert L., Assistant Professor of 
Mechanical Engineering, University of 
Southern California, Los Angeles, Calif. 
D. M. Wilson, G. C. Wilson. 

MCALLISTER, RoBerT A., Assistant Professor 
of Chemical Engineering, N. C. State Col- 
lege, Raleigh, N. C. F. P. Pike, J. F. 
Seely. 

McDonoueH, DonaLp L., Assistant Head of 
the Department of Mathematics, Drexel 
Institute of Technology, Philadelphia, Pa. 

K. W. Riddle, W. J. Stevens. 
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Morris, Witu1Am T., Instructor in Indus- 
trial Engineering, Ohio State University, 
Columbus, Ohio. Eugene Richman, W. G. 
Holder. 

Mosgs, WILLIAM H., Chairman of the De- 
partment of Architecture and Engineer- 
ing, Hampton Institute, Hampton, Va. 
Henry Shivar, R. K. Downing. 

Murray, Raymond L., Professor of Physics, 
N. C. State College, Raleigh, N.C. C. H. 
Beck, J. F. Seely. 

NEeMEROW, NELSON L., Assistant Professor 
of Civil Engineering, N. C. State College, 
Raleigh, N. C. W. W. Boyer, R. E. 
Fadum. 

Nessitt, JoHN B., Assistant Professor of 
Civil Engineering, The Pennsylvania State 
University, State College, Pa. V. E. 
Neilly, R. R. Kountz. 

NICHOLS, BENJAMIN, Associate Professor of 
Electrical Engineering, Cornell University, 
Ithaca, N. Y. A. B. Credle, N. H. Bryant. 

O’STEEN, DENNIS N., Jr., Assistant Profes- 
sor of Electrical Engineering, University 
of Alabama, Tuscaloosa, Ala. Herbert 
Kuengel, D. H. McLean. 

Perry, IsatAH B., Associate Professor of 
Engineering Drawing, Hampton Institute, 
Hampton, Va. H. L. Shivar, L. K. Down- 
ing. 

Petrca, Howarp A., Instructor in Mathe- 
matics, N. C. State College, Raleigh, N. C. 
C. F. Strobel, Anna Mae Harris. 

PoLLAcK, HERMAN, Instructor in Manufac- 
turing Process, Pratt Institute, Brooklyn, 
N. Y. Otis Benedict, Jr., K. E. Quier. 

Post, JoHN, Manager of Industrial Rela- 
tions, Continental Oil Company, Houston 
Texas. E. R. Baker, A. B. Bronwell. 

REESE, DoNALD W., Instructor in Graphics, 
Lafayette College, Easton, Pa. H. C. 
Hamilton, F. W. Slantz. 


NEW MEMBERS 


RicuH, Lucien L., Assistant Professor of En. 
gineering, Hampton Institute, Hamptm, 
Va. H. L. Shivar, L. K. Downing. 

ScHEFFEY, CHARLES F., Assistant Profesgo 
of Civil Engineering, University of Cal. 
fornia, Berkeley, Calif. E. P. Popo, 
A. S. Levens. 

SCHMIEDER, ALBERT K., Associate Professir 
of Mechanical Engineering, Northeasten 
University, Boston, Mass. A. R. Foster 
J. W. Zeller. 

ScHOMAKER, JOHN A., Assistant Profess 
of Electrical Engineering, U. S. Naw 
Academy, Annapolis, Maryland. J. L 
Artley, D. G. Howard. 

Rosert D., Instructor in Electried 
Engineering, Lafayette College, East, 
Penna. C. M. Merrick, H. C. Hamilton 

Snyper, NicHouAs H., Professor of Ceran- 
ics, Rutgers University, New Brunsvwit, 
N. J. E. C. Easton, M. T. Ayers. 

STEINMANN, W. L., Assistant Professor «i 
Electrical Engineering, University of Ve. 
mont, Burlington, Vermont. W. A. Ke, 
R. G. Sidle. 

StoneE, L. E., Personnel Manager, The Chen: 
strand Corporation, Decatur, Ala. RB. 
McCoole, F. J. Curtis. 

Truax, CHESTER N., JR., Instructor in Mi 
ing and Metallurgy, Lafayette Colleg, 
Easton, Pa. Don Clark, H. C. Hamilto. 

WILLNER, Ernest S., Assistant Professor 0 
Humanities, University of Illinois, (hi 
cago, Ill. M. V. J. Dembski, F. ¥. 
Trezise. 

ZIEMAN, CLAYTON M., Head of Departmet 
of Electrical Engineering, U. S. Air For 
Institute of Technology, Dayton, Obie 
L. F. Lewis, W. J. Price. 


389 new members elected this year 
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Teaching Positions Available 


The following rules were adopted by the General Council of the ASEE: 


The privilege of advertising for teaching positions is extended only to colleges and 
technical institutes which are either Active or Affiliate Institutional Members of the 
ASEE. Advertisements must be for positions available only. No advertisements will 
be accepted for an individual seeking a job. 

Advertisements must be submitted not later than the first day of the month pre- 
ceding the month of issue. Because of limited staff, the ASEE headquarters cannot 
maintain personnel files or supply detailed information about jobs. In replying to 
blind ads, address letters to American Society for Engineering Education, Northwestern 
University, Evanston, Illinois and give blind ad number. Information and rates for 
advertising in the Journal can be received by writing ASEE Headquarters. In order 
to conserve space and achieve uniformity, the privilege is reserved to rearrange ad- 


vertisements. 


INSTRUCTOR IN ELECTRICAL ENGI- 
neering for September, 1954, to teach under- 
graduate theory and laboratory. Opportu- 
nity from graduate work in electronics or 
control. Apply to Chairman, Division of 
Engineering, University of Rochester, Roch- 
ester 3, New York. 


INSTRUCTOR IN CHEMISTRY (ENGI- 
neering Field) to take charge and build up 
department in an Eastern Technical School; 
preferably a man with advanced degree and 
some industrial experience, who desires to 
teach and has leadership ability. Opportu- 
nity for research. MR-2. 


INSTRUCTOR IN ELECTRICAL ENGI- 
neering. Man who is familiar with electric 
power engineering and also who has some 
knowledge of electronics, preferably one 
with some industrial experience. For the 
right man, permanent position and advance- 
ment. MR-3. 


PENNSYLVANIA STATE UNIVERSITY. 
Instructors for off-campus centers in elec- 
trical, structural, drafting and design sub- 
jects. Faculty participates in hospitaliza- 
tion, retirement, insurance, and tenure plans. 
Apply to Terminal Study Dept., General Ex- 
tension Bldg., State College, Pa. 


HEAD OF SMALL AERONAUTICAL DE- 
partment in large University. Must have 
real interest in education and demonstrated 
scientific capacity. Advanced Degrees or 
Industrial Experience essential. Send brief 
resume to AP-2. 


INSTRUCTORS AND RESEARCH AS- 
sistants in the field of: Electronics, Experi- 
mental Stress Analysis, Mechanics of Fluids, 
Structures, Electrical Machinery, Mechanics 
of Solids, Microwaves, Thermodynamics, 
Transonic, Supersonic, and Subsonic Wind 
Tunnel Experimentation. Positions are for 
% time work—% time study or % time 
work—} time study, leading toward M.S. 
or Ph.D. degree. Salaries for June gradu- 
ates are adequate and account is taken of 
experience and special qualifications. Write 
to: D. C. Drucker, Chairman, Division of 
Engineering, Brown University, Providence, 
R. I. 


INSTRUCTOR IN GENERAL ENGI- 
neering, to teach engineering drawing, de- 
scriptive geometry and other subjects. Engi- 
neering degree required. Appointment to 
begin Sept. 1, 1954. For further informa- 
tion write to R. P. Hoelscher, Room 200 
Transportation Building, University of Illi- 
nois, Urbana, III. 
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488 TEACHING POSITIONS AVAILABLE 


ASSISTANT PROFESSOR OF MECHANI-— 
cal Engineering to instruct undergraduate 
students in basic courses. M.S. degree plus 
teaching and/or industrial experience. Send 
applications to J. T. Strate, Head of Me- 
chanical Engineering Department, Colorado 
A & M College, Fort Collins, Colorado. 


INSTRUCTOR OR ASSISTANT PROFES- 
sor in field of Manufacturing Processes and 
Production Engineering: To act as Field 
Representative of Engineering Research De. 
partment to small industries and also to 
teach in Department of Industrial Engineer. 
ing. AP-1. 
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3% Forthcoming texts 


STRENGTH OF MATERIALS 


second edition 
by J. Marin & J. A. Sauer 


A revision of Marin’s Strength of Materials, this text 
provides students of engineering with an introduction 
to mechanics of materials. With essentially the same 
organization, the text is completely revised to bring it 
up to date on the developments in important areas, 
including new chapters on experimental stress analysis 
and temperature and creep properties of materials. 
There is also new material on basic aspects of design, 
stress distribution and stress concentrations, stress on 
an oblique plane, vibration of beams, impact properties 
of materials, and fatigue. 

Ready in September 


GRAPHIC REPRESENTATION 
by E. G. Paré, F. Hrachovsky & E. Tozer 


This laboratory manual, designed for a first course in 
graphics, is for the science student whose training should 
include the fundamentals of graphic communication. 
It contains a comprehensive coverage of the graphic 
presentation and interpretation of data as visual aids 
in scientific and business analysis reports. The book 
is in line with a growing trend toward less emphasis 
on drafting skills and more emphasis on (1) charts 
and graphs; (2) graphical mathematics; (3) freehand 
technique; and (4) blueprint analysis. The problem 
material includes the essentials of multiview drawing, 
pictorials, and drawing techniques. 

Ready in April 


She 


60 FIFTH AVENUE, NEW YORK 11 
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Engineering Books 


MODERN PHYSICS FOR THE ENGINEER 


Edited by Louis N. RrpENour, Vice-president, International Telemeter Corpora- 
tion, and Visiting Professor of Engineering, University of California, Los An- 
geles. In press 
A collection of lectures delivered at the University of California at Los Angeles de- 
signed to provide the reader who has some technical knowledge with a: brief account 
of some of the more interesting developments in the fundamental science underlying 
all engineering. Here is a significant contribution to scientific literature in the twen- 
tieth century. 


MILLIMICROSECOND PULSE TECHNIQUES 


By Ian A. D. Lewis and Frank H. WE ts, Atomic Energy Research Establish- 
ment, Harwell, England. Electronics and Waves—A Series of Monographs. In 
press 
This is the fifth in a series published in cooperation with the Pergamon Press in 
England. The subject: the theory and design of electronic circuits and devices for 
operation in the range of time intervals which lie between the province of micro- 
second pulse circuits, as developed at the end of World War II, and the realm of 
microwave devices. Systems of large bandwidth are the primary concern of the book. 


WAVE MOTION AND VIBRATION THEORY 


Proceedings of the Fifth Symposium in Applied Mathematics of the American 
Mathematical Society. Edited by ALBert E. _HEINs, Carnegie Institute of 
Technology. In press 
These papers were presented at the Applied Mathematics meeting held at Carnegie 
Institute of Technology in June 1952. The subject of the Symposium was Wave 
Motion and Vibration Theory, and the four sessions were devoted to Stability of Fluid 
— Hydrodynamic Waves, Diffraction and Scattering Problems, and Vibration 
leory. 


COLLECTED PAPERS 


By S. P. TimosuHENko, Stanford University. 642 pages, $15.00 
This work contains practically all of Professor Timoshenko’s published scientific pa- 
pers, plus a short but fact-filled biographical sketch written by D. H. Young, student, 
colleague, co-author, and friend. The scientific works include Professor Timo- 
shenko’s writings in English, French, and German, as well as many of his early 
papers originally published in Russian and later translated or abstracted into one of 
the above languages. 


FOUR PLACE TABLES OF TRANSCENDENTAL FUNCTIONS 
By W. F Stanford University. 136 pages, $5.00 

Published in cooperation with the Pergamon Press in England, these tables are for 
use in calculations for which the order of accuracy afforded by the slide rule is suffi- 
cient. Containing formulas necessary to handle the functions, the tables deal with 
trigonometric, hyperbolic, exponential, and logarithmic functions, certain of the Bessel 
functions, and elliptic integrals, the Fresnel integrals, the error function, the sine-, 
cosine-, and exponential-integral functions, and the gamma function. Values in all 
tables are given to four digits, and except for the Fresnal integrals, are in error by 
no more than one unit in the fourth digit. The numerical tables are supplemented 
by definitions and lists of relevant formulas which serve, in particular, to permit the 
evaluation of each function for arguments outside the tabulated range. 


Send for 


McGRAW - HILL 
330 West 42nd Street. 
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~NEW & FORTHCOMING BOOKS 
LIGHTNING PROTECTION FOR ELECTRIC SYSTEMS 


ee By Epwarp Beck, Manager, Lightning Arrester Section, Switchgear Distribu- 

An- tion Apparatus Engineering, Westinghouse Electric Corporation. Westinghouse 
McGraw Hill Engineering Books for Industry. In press 

= This practical guide to the protection against lightning of electric systems and equip- 

ring ment shows the nature of lightning and its effects, the various means of protection, 

ven- . .. particularly for ac systems and apparatus . . . how to select and apply arresters, 


and what conditions to look for if trouble is to be avoided. Treatment is simple, 
using as little mathematics as possible and including many practical solutions and 
recommendations. 


ish ACOUSTICS 


By Leo L. Beranexk, Massachusetts Institute of Technology. McGraw-Hill Elec- 
trical and Electronic Engineering Series. In press 


for Recent advances in the field of modern acoustics are thoroughly covered in this im- 
cro- portant new text. Sections dealing with dynamical analogies, directivity patterns, 
| of acoustical circuits, loudspeaker enclosures, sound transmission through structures, 
00k. noise reduction, speech communication and psycho-acoustic criteria make this the 


most up-to-date volume in the field. Those interested in any of the numerous phases 
of acoustics will find this a valuable addition to their libraries. 


CONTROL SYSTEM DYNAMICS 


By Watter R. Evans, Group Leader, Systems Group, Autocontrol Section, Elec- 


egie tromechanical Engineering Department, North American Aviation, Inc., Downer, 

eid California. In press 

ae An exposition of the “Root Locus Method” invented and developed by the author, this 
new volume demonstrates the techniques for determining the response of linear con- 
trol systems. The root locus, a tool to factor an algebraic polynomial is useful in 
analyzing the pertinent differential equations in feedback control systems. Develop- 
ing from the simple to the complex, each solution establishes a concept which permits 
a simpler technique to be applied to the next, more complicated, problem. 

par 

ent, BASIC TELEVISION. New second edition 

mo- 

arly By Bernarp Gros, R. C. A. Institute, New York City. McGraw-Hill Tele- 

2 of vision Series. In press 


Here is a thorough revision of a successful book for the use of servicemen and tech- 
nicians. The author gives a practical description of television circuits, techniques 
NS and basic theory, and includes frequency mudulation. Using only simple arithmetic 
and algebra, the new edition includes expanded information on servicing, as well as 
a thorough chapter on color television. 


for 

uffi- 

vith ANALOG METHODS IN COMPUTATION AND SIMULATION 
wg By Watter W. Soroka, University of California at Berkeley. In press 

all An up-to-date, well-organized treatment of the more important and useful methods 
. by of analog computation and simulation, with particular reference to engineering and 
nted scientific applications. The author carefully develops the theoretical basis for each 
the approach, providing the reader with the tools necessary for applying these methods 


to actual problems. 


for copigon approval 


BOOK COMPANY 


New York 36, N. Y. 
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New and Recent 


STRUCTURAL DESIGN in REINFORCED CONCRETE 


Clifford D. Williams, Patchen and Zimmerman; 
and Charles E. Cutts, University of Florida 


Ready in April—For the basic course in reinforced concrete design, book 
emphasizes general design principles without detailed analyses of their applica- 
tion to complex structures. Formulas are derived and used continuously; 
problems developed from strength of materials concepts. Contains special 
sections on construction methods, pre-stressed concrete, design of circular 
tanks, compression and bending in two directions. 218 ills., 310 pages. 


ELEMENTS of STRUCTURAL ENGINEERING 


Ernest C. Harris, Fenn College 


Ready in April—Shows i of principles of structural omens in 
terms of examples and problems faced by the non-civil engineer. Engineering 
fundamentals, inherent in the original design of buildings, are highlighted by 
analyzing the effect of new electrical and mechanical equipment on safety. 
Includes tables of section properties, load data, symbols, and design specifica- 
tions for steel and reinforced concrete. 337 ills., 552 pages. 


STRUCTURAL DESIGN in METALS 


Clifford D. Williams, Patchen and Zimmerman; 
and Ernest C. Harris, Fenn College 


Provides a thorough grounding in structural design, emphasizing the applica- 
tion of statics and strength of materials to the design of all types of structures. 
Recognizes advanced design methods in aircraft and the increased use of 
metals other than steel. Stresses the use of light-gauge members, rigid frame 
design. 349 ills., 596 pages. 


STATICALLY INDETERMINATE STRUCTURES 


Paul Andersen, University of Minnesota 


Specifically designed for the first course in statically indeterminate structures, 
this book directly relates structural analysis to structural design. Numerical 
applications of actual design problems are an integral part of the work, which 
includes an entire chapter on typical design problems. Emphasizes deflec- 
tions and their importance in understanding the behavior of structures under 
heavy loads. 370 ills., 318 pages. 


SUBSTRUCTURE ANALYSIS and DESIGN 
Also by Paul Andersen 


Comprehensive discussion of the analysis and design of those portions of a 
structure below the surface of the ground, water, or con. Written from the 
designing engineer’s point of view, it develops theories from design problems 
and presents methods for working out safe, economical design plans. Covers 
foundations, bulkheads, cofferdams, wharves, abutments, etc. 

244 ills., 305 pages. 


THE RONALD PRESS COMPANY 
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Looks from RONALD 
HYDRO POWER ENGINEERING 


James J. Doland, University of Illinois 


Ready in May—This textbook for civil engineers supplies 2 practical ap- 
proach to the design and preparation of plans for hydroelectric power installa- 
tions. After presenting basic theory, it shows practical routine for selection 
of correct type and diameter of runner. Discusses design of water passages, 
proper number of units, the structure itself, and appurtenances for efficient 


operation. Several original studies are included. 106 ills., 250 pages. 


ELEMENTS of APPLIED HYDROLOGY 


Don Johnstone, formerly Ohio State University; and 
William P. Cross, Hydraulic Engineer, U. S. Geological Survey 


Sets forth fundamentals and techniques of applied hydrology, stressing an 
analytical approach to the solution of related engineering problems. Shows 
how application of hydrology can benefit water supply, sewerage, water power, 
irrigation. Points up relation between precipitation and runoff, role of the 
land, flood routing, infiltration, drainage, and the application of statistical 
analysis to hydrology. 141 ills., 276 pages. 


FRESH WATER from the OCEAN 


For Cities, Industry, and Irrigation 
Cecil B. Ellis and Staff Members, Nuclear Development Associates, Inc. 


Just Published—A critical evaluation of present conversion methods, this 
book examines the economic feasibility and basic physics of extracting fresh 
water from the ocean in large quantities. It accurately presents the funda- 
mental matter and energy relationships involved, and analyzes both existing 
and proposed methods in terms of all major cost elements. A Conservation 
Foundation study. 50 ills., 240 pages. 


The FLOOD CONTROL CONTROVERSY 


Big Dams, Little Dams, and Land Management 


Luna B. Leopold, U. S. Geological Survey; and 
Thomas Maddock Jr., U. S. Bureau of Reclamation 


Ready in May—Clarifies both the technical problems and economic and 
political issues in flood control. Explains the nature of river floods and 
measures for their control. Evaluates present control methods, examines 
hydrologic considerations, and weighs the effectiveness of current and pro- 
posed flood protection plans. Foreword by Fairfield Osborn. A Conserva- 
tion Foundation study. 31 ills., 316 pages. 


VEGETATION and WATERSHED MANAGEMENT 
E. A. Colman, U. S. Forest Service 


First systematic appraisal of the methods of managing vegetation in water- 
sheds to increase ground water supplies, check soil erosion and siltation, and 
reduce flood peaks. Shows how the character of vegetation can be radically 
changed to “= hydrologic processes of runoff, infiltration, drainage, 
Storage, etc. Includes all recent research. A Conservation Foundation 
study. 24 ills., 6 maps, 412 pages. 


15 E. 26th Street, New York 10, N.Y. 
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COUCLECGES 


JUST PUBLISHED! 
WELDING PROCESSES AND PROCEDURES 


by Joe L. Morris, Georgia Institute of Technology 


e Concise, comprehensive, and easy to understand, Morris’s new text has 
been written to help students gain a broad knowledge of welding in a 
relatively brief time. The class-tested presentation—with easy-to- 
follow development of each topic—assures exceptional teachability. 

e Terminology and approach are such that no rigorous prerequisites are 
called for. The treatment of important metallurgical concepts, for 
example, is simple enough to be clear to the student who has but a 
basic knowledge of chemistry. 

Approz. 260 pages - 55%'’2 834’ - Pub. March 1954 


ACTIVE NETWORKS 
by Vincent C. Rideout, University of Wisconsin 

OUTSTANDING FEATURES: 
e Using four-terminal network analysis, this book gives a general treat- 

ment of active networks, applicable to either tube or transistor circuits. 
e Basic ideas regarding bandwidth, signal-to-noise ratio and information 
capacity of a system are briefly introduced in Chapter I to help the 
student understand the design of active networks. In the final chapter 
these important concepts are more completely treated. 
The simple low-pass amplifier is used as a basic prototype in the study 
of both compensated low-pass amplifiers and band-pass amplifiers. 
Laplace transform operational calculus is introduced and used in the 


study of simple transients. 
Approx. 510 pages - 83%" Pub. April 1954 


NOISE 


by Aldert van der Ziel, University of Minnesota 

OUTSTANDING FEATURES: 

e Related topics are discussed in the book, making it unnecessary to con- 
sult other texts in order to understand the material presented, e.g., a 
short discussion of the solid state theory precedes the discussion of 
semiconductor noise. (Chapter VIII) 

e There is much original research which has not been fully published before. 

e@ The organization of the book makes it possible to read all of the “‘prac- 
tical”’ material (Chapters I-X, XVI) independently of the ‘‘theoretical” 
material (Chapters XI-XV). For those who wish to study both simul- 
taneously, cross-references are made. 

e Related problems are discussed from a unified point of view, e.g., Chapter 
XV on various electron wave tubes. 

Approz. 480 pages x Published April 1954 


Active Networks and Noise are in the Prentice-Hall Electrical Engineering 
Series edited by}W. L. Everitt 


Send for Your Copies Today 


PRENTICE-HALL, INC. 70 FIFTH AVENUE, NEW YORK 


20 ee J 
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MECHANICS of MATERIALS 
Third Edition 


By PHILIP G. LAURSON and WILLIAM J. COX, doth of Yale 
University. In this up-to-date revision of a famous text, the authors 
have retained the philosophy that the purpose of a course in mechanics 
of materials is the eventual clear understanding of the fundamental 
principles underlying machine and structural design. 1954. 414 
pages. Illus. $5.75 


ELEMENTS of MECHANISM 


By VENTON LEVY DOUGHTIE, University of Texas, and 
WALTER H. JAMES, M.J.T. This new book is based on the 
classic of the same title by Peter Schwamb. It acquaints students 
with the application of fundamental principles of physics and mathe- 
matics in machine design and operation. 1954. 494 pages. Tilus. 
Probably $6.00 


MOLECULAR THEORY of GASES and LIQUIDS 


By JOSEPH O. HIRSCHFELDER, C. F. CURTISS, and R. 
BYRON BIRD, all of the University of Wisconsin. A unified treat- 
ment of equilibrium and nonequilibrium mechanics which indicates 
and emphasizes the connection between the two fields. Theory and 
applications are fully discussed. 1954. Approx. 1200 pages. Prob- 
ably $18.00 


GRAPHICS in ENGINEERING and SCIENCE 


By A. S. LEVENS, University of California, Berkeley. A new ap- 
proach to the teaching of graphics at the college level. Integrating 
phases of orthogonal projection, technical drawing practices, and 
graphical solutions and computations, it gives the student a fuller 
appreciation of the graphic mode of expression. Workbooks are 
available. 1954. 696 pages. Illus. Probably $6.00 


INTRODUCTION to 
ELLIPTIC FUNCTIONS with APPLICATIONS 


By F. BOWMAN, Manchester College of Technology. 1954. Ap- 
prox. 115 pages. Probably $2.50 
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ELECTRONICS 


By A. O. Williams, Jr. 


Emphasis is placed on the associated phenomena 
of electricity, magnetism, radiation (including 
optics), and atomic physics for a rounded, phys- 
ical introduction to the subject. 


306 pp. (1953) $4.50 


MICROWAVE THEORY AND TECHNIQUES 


By Reich, Ordung, Krauss and Skalnik. 


This new comprehensive book emphasizes the theory and applications of 
microwave tubes and circuits, and covers most of the recent advances in 
this field. Prepared for the advanced courses, it will also be welcomed 


by engineers in the field. 
College Edition. 901 pp. (1953) $10.00 


INTRODUCTORY ELECTRICAL ENGINEERING 


(CIRCUITS AND MACHINES) 
By Willis and Chandler. 


A recent text for non-electrical engineers in sophomore or junior years, 
presenting the service course as developed during the past 25 years. 
The treatment of machinery is more analytical. More emphasis placed 
on circuit theory than other introductory texts. 

552 pp. (1952) $7.00 


SOURCEBOOK ON ATOMIC ENERGY 


By Samuel Glasstone. 


This book tells the fascinating story and describes the development of 
atomic energy from the latter part of the nineteenth century to the present day. 
The separation of isotopes and their use in various investigations are described, 
as well as the problem of the practical utilization of atomic energy for power. 


562 pp. (1950) $3.75 


MEASUREMENTS AT CENTIMETER WAVELENGTH 


By Donald D. King. 


This book presents a comprehensive and up-to-date discussion of the principles 
and methods of measurement in the very high frequency and microwave regions. 
Designed for the use of advanced students as a text in a course of laboratory 
experiments. 


327 pp. (1952) $5.50 
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Grom Vau Nettrand’s Engineering Lisls 
THEORY AND DESIGN OF ELECTRON BEAMS, 


2nd Edition 
By John R. Pierce. 


This second edition of an important book from the ‘Bell’ series gives a truly basic 
presentation of the theory of electron flow. New unpublished material has been 
added. Book stresses principles nie electron: beams in their application to 


problems. . 
222 pp. (1954) $4.50 


THE ELEMENTS OF NUCLEAR REACTOR THEORY 


By Glasstone and Edlund. 


This recent book has been written for engineers and scientists who plan 
to enter the field of nuclear reactor science and engineering. Book is 
based on the Nuclear Reactor Theory Course given at the Oakridge 
School of Reactor Technology. 

416 pp. (1952) $4.80 


DC AND AC MACHINES 


(BASED ON THE FUNDAMENTAL LAWS) 
By Liwschitz-Garik and Weil. 
This outstanding, ONE-VOLUME book, treats electric machines from 


a general point of view, based wholly on the understanding of the four 
fundamental laws. Written for communications as well as power majors, 


taking a one-year course in electric machines. 
508 pp. (1952) $7.00 


THE DESIGN OF SWITCHING CIRCUITS 


By Keister, Ritchie and Washburn. 


A recent electrical engineering book presenting the basic techniques of 
switching circuit design applicable to digital computers, other complex 
control systems, and telephone switching systems. Book is profusely 
illustrated and has a large number of problems. 


College Edition. 576 pp. (1951) $6.00 


MODULATION THEORY 


By Harold S. Black. 


This latest book in the ‘Bell Lab’ Series on modu- 
lation theory is designed to give students and 
engineers a broad knowledge of all systems. All 
systems are treated on a uniform basis and in 


terms of the new theory. 
363 pp. (1953) $8.75 
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ENGINEERING CONTRACTS and SPECIFICATIONS 
Third Edition 
By ROBERT W. ABBETT, Consulting Engineer. This is the only 

book on the legal principles involved in the administration of construc. 
tion work written from a strictly engineering viewpoint. The book 
has great value in teaching because of its emphasis on principles rather 
than mere copy-book phrases. In the new edition, the material has 
been expanded and rearranged to increase its classroom convenience: 
1954. 429 pages. $6.00 


PRINCIPLES of ENGINEERING THERMODYNAMICS 
Second Edition 
By PAUL J. KIEFER ond GILBERT F. KINNEY of the U. 8. @ 
Naval Postgraduate School, and MILTON C. STUART, Lehigh Uni. 
versity. Incorporating the experience of many teachers who used the 
first edition, this revision of the classic text provides a concise and 
effective presentation of the basic material of thermodynamics as it 


applies to engineering. The thermodynamic basis of fluid mechanics | 
and aerodynamics and their applications are covered in an up-to-date, @ 
teachable manner, and the material is at all points linked to current 
engineering practice. 1954. In preparation. ; 


ELECTRONICS 
A First Course Devoted to Fundamentals 


By GEORGE F. CORCORAN and HENRY W. PRICE, University @ 
of Maryland. An elementary text written for students who have 
completed A-C circuits. Special emphasis is given to clear statements J 
of the basic principles and to a coherent, teachable arrangement of the 7 
subject matter. The text is modern in both approach and content, J 
covering such recent developments as the germanium diode operation @ 
and the transistor. 1954. Approx. 456 pages. Probably $7.00 a 
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